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By shortening the time to pathogen identification and allowing for detection of organisms missed by blood culture, new molecular 
methods may provide clinical benefits for the management of patients with sepsis. While a number of reviews on the diagnosis of 
sepsis have recently been published we here present up-to-date new developments including multiplex PCR, mass spectrometry and 
array techniques. We focus on those techniques that are commercially available and for which clinical studies have been performed 
and published.
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Clinical impact of bloodstream infections 
and unmet medical needs

Sepsis – considered a race to the death between the patho-
gens and the host immune system [1] – represents a major 
public health problem and is among the most common rea-
sons for admission to the intensive care unit (ICU). Mortality 
related to sepsis remains high, despite improving outcomes 
in healthcare, being the second leading cause of death in the 
noncoronary ICU [2, 3]. Patients who survived sepsis bear 
an underrecognized risk of physical and cognitive impair-
ment and suffer a more-than-doubled risk of dying in the 
next 5 years compared with hospitalized controls [4].

Inappropriate antimicrobial treatment is a major con-
cern and is associated with increased mortality [5, 6]. 
Reasons for inappropriate treatment include the lack of 
coverage of the underlying pathogen and antimicrobial 
resistance of the causative pathogen in nosocomial infec-
tions and in infections by emerging multiresistant Gram-
negative bacteria [7]. Increased mortality may also be 
found following inappropriate fungal therapy [8, 9] since 
empiric antimycotic coverage is only recommended in 
high-risk patients (e.g., neutropenia, intra-abdominal in-
fections) [10]. These fi ndings have led to a growing in-
terest in the development of diagnostic tests for the rapid 

diagnosis of pathogens causing bloodstream infections to 
allow early administration of adequate targeted antimicro-
bial therapy in critically ill patients.

Special attention should be given to patients presenting 
with isolated fever or leukocytosis. The systemic infl am-
matory response (SIRS) and a multivariable decision rule 
with major and minor criteria are sensitive but not specifi c 
predictors of bacteremia [11]. SIRS and the decision rule 
may be helpful in identifying patients who do not need 
blood cultures. Because these conclusions do not apply 
to immunocompromised patients or when endocarditis is 
suspected, such patients should be cautiously evaluated. 
Physicians have to fi nally decide if ordering blood cultures 
is necessary in patients with isolated fever or leukocytosis.

Blood culture (BC) is still considered the gold standard 
for diagnosis and identifi cation of bloodstream pathogens 
by many [12–14]. However, this conventional laboratory 
method lacks sensitivity, has a low pre-test probability in 
certain clinical settings, and is impaired by the delay in the 
time to result. In order to increase the speed of diagnosis, 
to improve sensitivity and the clinical benefi t of detection 
of pathogens in the blood, new methods have been devel-
oped. Molecular detection techniques for bacterial and 
fungal DNA have been implemented but are not in wide-
spread clinical use [15]. By shortening the time to patho-
gen identifi cation and allowing for detection of organisms 
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missed by blood culture, molecular methods may contrib-
ute to the reduction of hospitalization and ICU stay, as well 
as decreases in mortality [16–18]. In the present review, 
we focus on the microbiological techniques available for 
the diagnosis of sepsis. In addition to what has been re-
ported in a series of elegant recent reviews [4, 15, 19–21], 
we included up-to-date new developments including mass 
spectrometry and array techniques. However, based on the 
large number of studies published in the fi eld, this review 
focuses on those techniques that are commercially avail-
able and for which clinical studies have been performed 
and published.

Epidemiology of sepsis

The incidence of sepsis has recently been reviewed by 
 Angus and van der Poll [2]. In the United States, 2% of 
patients admitted to the hospital have severe sepsis, and 
10% of all ICU admissions are patients with severe sepsis 
[22, 23]. Currently, more than 750,000 cases are reported 
in the United States per year [23]. Severe sepsis occurs 
as a result of both community-acquired and healthcare-
associated infections. Pneumonia, intraabdominal, and 
urinary tract infections are the most common causes of 
sepsis [23–26]. Staphylococcus aureus and Streptococcus 
pneumonia are the most common gram-positive isolates, 
whereas Escherichia coli, Klebsiella spp., and Pseudo-
monas aeruginosa predominate among Gram-negative 
isolates [27]. Between 1979 and 2000, Gram-positive 
infections were reported more frequently than Gram-neg-
ative infections [28]. More recently, Gram-negative bac-
teria were isolated in 62% of patients with severe sepsis 
who had positive cultures, whereas Gram-positive bacteria 
accounted for 47% and fungi for 19% of cases [26].

Key risk factors for severe sepsis are the patient’s pre-
disposition for infection and the likelihood of acute organ 
dysfunction if infection develops. Chronic diseases (e.g., 
acquired immunodefi ciency syndrome, chronic obstructive 
pulmonary disease, and many cancers) and the use of im-
munosuppressive agents are among the most important risk 
factors for those infections that result in severe sepsis and 
septic shock [23]. Age, sex, and race or ethnic group all in-
fl uence the incidence of severe sepsis, which is higher in in-
fants and elderly persons than in other age groups, higher in 
males than in females, and higher in blacks than in whites 
[23, 29]. Host genetic factors, i.e., polymorphisms in genes 
encoding cytokines and other mediators involved in innate 
immunity, coagulation, and fi brinolysis likely contribute to 
the incidence and outcome of sepsis [2].

Diagnosis of sepsis using blood culture

Blood culture and biochemical pathogen identification

Conventional techniques are based on culture of a blood 
sample in enriched broth, followed by identifi cation and 

susceptibility testing of the pathogen using standard bio-
chemical techniques. Blood cultures are crucial for fi ne-
tuning of antibiotic therapy since inappropriate antimicro-
bial therapy is a key risk factor for mortality in critically ill 
patients with life-threatening infections [10, 15]. Signifi -
cant advances have been made in laboratory blood culture 
systems over the last decades, including the additions of 
enriched growth media, advances in automated agitation 
systems, and development of software that allows faster 
detection of bacterial growth via improved algorithms de-
signed to track growth curves. Despite these technologi-
cal advances, obtaining blood cultures (BCs) before ini-
tiating anti-infective therapy and ensuring appropriate fi ll 
volumes of 20–40 mL of blood per venipuncture within a 
single blood culture order remain key factors in the detec-
tion of adult bacteremia [13, 30, 31].

Blood cultures are currently performed with fully au-
tomated instruments that detect microbial growth by the 
analysis of CO2 release using fl uorescent or colorimetric 
sensors; alternatively, pressure changes in the bottle head-
space due to the consumption and production of gases are 
used to indicate microbial growth [15]. However, despite 
these advances, the overall time to result of blood cultures 
is far too long to allow physicians to make immediate 
treatment decisions [32]. While sensitivity of blood cul-
ture is impacted by the interval from blood draw to load-
ing of blood culture bottles into the instrument [15, 33, 
34], a delay in time to result is caused by the need to grow 
pathogens in broth (typically taking 24 to 72 h) [35] and 
the performance of Gram stains followed by additional 
overnight growth to yield single colonies for identifi ca-
tion and susceptibility testing. Furthermore, negative re-
sults can only be reported after 5–7 days. In addition, in-
hibitory effects of the presence of antibiotic drugs and/or 
fastidious pathogens are limiting the sensitivity of blood 
cultures [36, 37]. In contrast to previous studies, a recent 
comparison of two automated blood culture systems re-
vealed signifi cant differences in time to result, overall 
bacterial growth, and recovery from cultures where anti-
microbials had been dosed up to 48 h before culture col-
lection; of interest, each medium failed to isolate organ-
isms even under ideal growth conditions in the absence of 
antimicrobials [31].

Clancy and Nguyen [38] recently reviewed the value 
of blood culture in comparison with nonculture tests in-
cluding PCR for the diagnosis of invasive candidiasis; 
β-D-glucan and PCR were found superior to blood cul-
tures in deep-seated candidiasis. The authors conclude 
that while positive predictive values of nonculture tests 
are limited by the low prevalence of invasive candidia-
sis, they can be used as “biomarkers” to assess a patient’s 
risk of having invasive candidiasis, thereby facilitating 
preemptive antifungal strategies. Furthermore, excellent 
negative predictive values will also be useful for ruling 
out invasive candidiasis and discontinuing unnecessary 
antifungal therapy.

Current guidelines recommend the collection of at 
least two blood cultures before initiation of antibiotic 
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therapy with at least one drawn percutaneously and one 
drawn through each vascular access device, unless the de-
vice was recently inserted [39]. Blood volume is especially 
important for pediatric patients, for whom it is not always 
possible to draw a large volume of blood. A Gram stain 
is performed after a positive signal was provided by the 
automated instrument, followed by subculture for identifi -
cation and antimicrobial susceptibility testing. Preliminary 
susceptibility results can be obtained directly from posi-
tive blood cultures within several hours rather than await-
ing fully validated susceptibility testing results following 
growth and isolation of single colonies [40].

Despite considerable efforts to reduce their incidence, 
contamination of blood cultures continues to be a signifi -
cant clinical problem. The rate of contamination is esti-
mated to be close to 3% [41] with clinical and fi nancial 
cost of more than $8,000 and an additional day of hospital-
ization [42]. Since excess contamination rates are driven 
primarily by a lack of operator fastidiousness during the 
collection process (e.g., driven by emergency department 
crowding [43]), dedicated phlebotomy teams, prepack-
aged blood culture kits, and the use of sterile gloves are 
successfully used to decrease contamination rates [44]. 
Of interest, a recent observational study revealed that 
multiple interventions, including new policies, reeduca-
tion of phlebotomists and intravenous teams, preparation 
of special supply kit for obtaining blood samples from 
catheters, greatly reduced the proportion of blood cultures 
obtained from central lines and markedly reduced the rate 
of contamination with marked savings in excess hospital 
costs [45].

Blood culture and molecular pathogen identification

Speed is of pivotal importance for the diagnosis of sep-
sis. Therefore, a variety of molecular techniques has been 
developed for the detection of pathogens as summarized 
in Fig. 1. Table 1 provides an overview of commercially 
available molecular techniques. However, the majority of 
these techniques are applied to microorganisms following 
initial growth in blood culture bottles followed by single 
colony growth on solid media.

The main disadvantages of analyzing specimens after 
they have grown in culture are the delay in time and the 
potential bias introduced by culture steps. Furthermore, 
uncultivable organisms cannot be identifi ed by these tech-
niques. Nevertheless, the use of molecular methods to 
identify pathogens following blood culture can be faster 
than the standard techniques involving phenotypic identi-
fi cation and antimicrobial susceptibility testing requiring 
up to 72 h after the blood culture became positive.

Hybridization

Fluorescent in situ hybridization (FISH) is among the 
most studied commercial techniques suitable for the de-
tection of pathogens in positive blood cultures. In only 
2.5–3 h, FISH may identify more than 95% of bacteria 
and yeasts commonly found in blood [46–48]. Slides of 
positive blood cultures are prepared, hybridized with 
fl uorochrome-labeled oligonucleotide probes targeted 
to rRNA, and visualized microscopically [49]. Of note, 

Fig. 1. Diagnostic techniques for the diagnosis of sepsis (modified after [21])
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some bacteria may be identifi ed only at the genus level 
because no species-specifi c probes are available. A new 
fl uorescence-based hybridization method using peptide 
nucleic acid probes (AdvanDx, USA) targeting uses 16S 
rRNA for the direct identifi cation of S. aureus from posi-
tive blood cultures within 3 h [50–52], the test received 
FDA clearance. This technique was extended to allow 
identifi cation of other bacterial and fungal pathogens 
from positive blood cultures [52]. The sensitivity and 
specifi city for the different kits was reported to be 99% 
and 100%, respectively [15].

S. aureus, S. pneumoniae, enterococci, and groups A 
and B streptococci can be identifi ed in about 2.5 h using a 
commercially available DNA probe kit (AccuProbe, Gen-
Probe Inc., San Diego, CA, USA) that utilizes hybridiza-
tion protection assay technology [53]. The sensitivity and 
specifi city was reported to be high for most pathogens us-
ing bacteria grown on solid or broth media. The specifi city 
for the detection of S. aureus was high (99.8%), while the 
sensitivity was low (72.4%) in one report; the sensitivity 

for detection of S. aureus was improved using adjusted 
cut-off values [54].

DNA amplification

PCR is the most commonly applied technique for the de-
tection of pathogens from positive blood cultures. Com-
mercially available tests use either broad-range PCR or 
multiplex PCR.

Broad-range amplification

Broad-range assays use primers that recognize conserved 
sequences of bacterial/fungal chromosomal genes encod-
ing ribosomal DNA. The clinical usefulness of these meth-
ods is, however, limited because after the PCR amplifi ca-
tion of a target sequence, further identifi cation procedures 
are necessary. Various alternatives such as sequencing and 

Table 1. Commercially available molecular assays for the diagnosis of sepsis using positive blood cultures or whole blood
as sample type

Diagnostic technique No. of pathogens
detected

Sensitivity Specificity References

A. Using positive blood cultures

PNA-FISH, Fluorescence-based hybridization 10 94–99 99–100 [15, 169]
ACCU-PROBE Chemiluminescent DNA probes (rRNA) 5 80.8–100 98.7–100 [51
HYPLEX Multiplex PCR plus hybridization 10 plus mec A 96–100 92.5–100 [15, 58]
PLEX-ID BAC Chemiluminescent DNA probes (rRNA)
Hyplex Multiplex PCR plus hybridization
PLEX-ID BAC Broad-range PCR plus electrospray

ionisation mass spectrometry
>300 different
pathogens

95 98.8 [19, 59, 
60]

StaphPlex Multiplex PCR plus microarray 1 100 95.5–100 [61]
Staph SR Multiplex PCR assay 1 plus mecA 50–100 86.8–98.4 [62, 63]
MALDI-TOF Matrix-assisted laser desorption/

ionization time-of-flight mass
spectrometry

Hundreds 76–80 96–100 [20, 75]

Prove-it sepsis Multiplex PCR and microarray 50 plus mec A gene
Verigene Nucleic-acid-based microarray Gram-positive or 

-negative bacteria,
resistance genes

92–96 n.d. [86–88]

Filmarray PCR Gram-positive or 
Gram-negative bacte-
ria, resistance genes

91 n.d. [85]

B. Using whole blood

Xpert MRSA/SA Real-time PCR 2 75–100 98.4–99.4 [64, 170]
SeptiFast Multiplex real time PCR assay for bacterial 

and fungal pathogens
25, plus mecA
as reflex test

60–95 74–99 See Table 
2

VYOO Multiplex PCR with gel electrophoresis 34plus mec A, vanA/
B/C, SHV, CTX-M

30–51 n.d. [85]

SepsiTest Broad-range PCR with sequencing >300 pathogens 61–88.5 83.5–85.8 [57, 91, 
92]

*Concordance with blood culture-dependent assays; n.d., not determined
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polymorphism analysis [55, 56] or subsequent genus- or 
species-specifi c real-time PCR [57] have been developed.

Hyplex Blood Screen (BAG, Germany) is a multiplex 
PCR assay with subsequent identifi cation of bacterial 
species (methicillin-sensitive S. aureus, methicillin-resis-
tant S. aureus, S. epidermidis, Streptococcus pyogenes, 
S. pneu moniae, E. faecalis, and Enterococcus faecium, E. 
coli, Enterobacter aerogenes, P. aeruginosa, and Klebsi-
ella spp.) from positive blood cultures using hybridization 
in an ELISA-like format. The turnaround time is 3–4 h, 
and the assay also allows the detection of drug resistance 
markers, such as van genes and several β-lactamase genes. 
The reported sensitivity and specifi city ranged from 96.6% 
to 100% and 92.5% to 100%, respectively [58].

Abbott/Ibis (USA) recently combined the broad-range 
PCR amplifi cation with electrospray ionization/mass 
spectroscopy (PCR/ESI–MS). This technique (PLEX-ID 
BAC Spectrum) uses primers which target genomic re-
gions highly conserved among bacteria or fungi. Multiple 
pairs of primers are used to amplify selected regions of 
bacterial or fungal genomes after culture; the primer target 
sites are broadly conserved, but the amplifi ed region car-
ries information on the microbe’s identity in its nucleotide 
base composition. Following PCR amplifi cation, a fully 
automated ESI–MS analysis is performed on the PCR/ESI 
MS instrument. The PCR/ESI–MS instrument identifi es 
the organisms present in a clinical sample and can provide 
additional information including strain type, antimicro-
bial resistance, and virulence factors [19]. The turnaround 
time to obtain results is approximately 5–6 h after positive 
blood culture. Concordance between results obtained with 
PCR/ESI-MS and blood culture was 98.7% at the genus 
and 96.6% species levels, respectively [59, 60].

Broad spectrum amplifi cation technologies have the 
potential to revolutionize diagnostics since they allow 
clinical laboratories to query single samples for hundreds 
of organisms simultaneously, freeing them from the need 
to restrict their focus on a few most likely etiologies. The 
same is true for sequencing and mass spectrometry as dis-
cussed below.

Multiplex amplification

Multiplex assays target different genes of the most fre-
quent pathogens involved in sepsis. Amplicons may be 
subsequently analyzed by electrophoresis, hybridization 
on an enzyme-linked immunosorbent assay, or multiplex 
real-time PCR.

The following multiplex PCR assays were designed to 
detect only one pathogen and its genetic properties, such 
as the presence of genes encoding antibiotic resistance:

The StaphPlex system (Qiagen, USA) detects S. aureus 
using a unique target-enriched multiplex PCR method. This 
assay is designed for simultaneous detection and species-
level identifi cation of Panton–Valentine leukocidin (PVL) 
and several antimicrobial resistance determinants of staph-
ylococci directly from blood culture in which Gram-posi-

tive cocci in clusters have been detected by Gram staining. 
The system amplifi es and detects 18 Staphylococcus-spe-
cifi c genes simultaneously in one reaction. Drug resistance 
makers include mecA, aacA, ermA and ermC, tetM and 
tetK. The entire process, from blood culture to results, can 
be completed in approximately 5 h, which signifi cantly 
reduces the time needed for phenotypic identifi cation and 
antimicrobial susceptibility. The StaphPlex system dem-
onstrated 100% sensitivity and specifi city, ranging from 
95.5% to 100.0% when used for staphylococcal cassette 
chromosome mec typing and PVL detection [61].

The StaphSR assay (BD GeneOhm, San Diego, CA, 
USA) can differentiate meticillin-susceptible S. aureus 
(MSSA) from meticillin-resistant S. aureus (MRSA). This 
assay is a multiplex real-time PCR test performed on the 
SmartCycler instrument with a turnaround time of 2.5 h. 
Initially, excellent performance characteristics were re-
ported (sensitivity for MSSA and MRSA of 98.9% and 
100%, respectively) [62] while later studies noted limita-
tions [63].

The Xpert MRSA/SA blood culture assay (Cepheid, 
Sunnyvale, CA, USA) identifi es S. aureus and differenti-
ates MSSA from MRSA. This system detects sequences 
in the staphylococcal protein A (spa) gene, the SCCmec 
inserted into the S. aureus chromosomal at B insertion 
site, and the mecA gene. Sensitivity and specifi city for S. 
aureus detection were 100% and 98.6%, respectively, and 
for MRSA detection were 98.3% and 99.4%, respectively 
[64]. This assay has a rapid turnaround time of approxi-
mately 60 min.

Sequencing

Several sequence-based approaches have been success-
fully used to identify bacteria directly from positive blood 
culture bottles. Qian and colleagues successfully used the 
MicroSeq 500 kit (Perkin-Elmer Applied Biosystems, 
CA), a method that sequences the fi rst 527 bases of the 
amplifi ed 16S rRNA gene, for this purpose [55]. Turenne 
and collaborators used single-stranded conformation 
polymorphism analysis of PCR amplicons to distinguish 
between organisms [56]. Several investigators have used 
pyrosequencing (Biotage, Sweden) to identify numerous 
bacteria, yeasts, and fungi [65, 66]. Pyrosequencing can 
be performed in 96-well microtitre plates in a few hours 
directly from bacterial colonies with a single PCR for each 
isolate. The main advantage of pyrosequencing is its rela-
tive rapidity and lower price compared to conventional 
sequencing. Pyrosequencing (Biotage, Sweden) provides 
rapid, short-read sequencing of 30 bases in approximately 
30 min. This method has been used to classify, identify, 
and subtype a variety of bacterial 16S rDNA fragments 
[67].

Jordan et al. [68] compared the results to those ob-
tained by culture-based identifi cation and identifi ed two 
different regions within the 23S rRNA gene that greatly 
improved the ability to differentiate among certain enteric 
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Gram-negative rods associated with bloodstream infec-
tions or Streptococcus species compared to the universal 
16S rRNA gene target previously described. The overall 
agreement between pyrosequencing and culture based 
identifi cation was high (97.8%). In blood culture bottles 
with a single organism isolated, concordance was even 
higher (98.8%).

A rapid protocol for the identifi cation of Candida spe-
cies (C. albicans, C. parapsilosis, C. tropicalis, C. gla-
brata, C. dubliniensis, C. krusei and A. niger) from 
positive blood cultures was developed by combining a 
simple method for nucleic acid extraction and prepara-
tion using microbial storage cardboards with PCR and 
pyrosequencing of a small region of the 18S rRNA gene 
[69]. The method was completed in 4 h and tested against 
a collection of clinical blood cultures. Agreement of se-
quence identifi cations with standard microbiological 
methods was excellent. Recently, Motoshima and col-
leagues [70] evaluated a rapid protocol for bacterial 
identifi cation based on PCR and pyrosequencing of the 
V1 and V3 regions of the 16S rRNA gene using DNA ex-
tracted directly from positive blood culture. The bacteria 
were identifi ed by phenotyping and pyrosequencing. The 
results displayed 84.3% and 64.7% concordance with the 
results of phenotypic identifi cation at the genus and spe-
cies levels, respectively. In monomicrobial samples, the 
concordance between the results of pyrosequencing and 
phenotypic identifi cation at the genus level was 87%. 
The process of pyrosequencing identifi cation was com-
pleted within 4 h.

However, the use of multiplex PCR or broad-range 
amplifi cation followed by sequence analysis of microor-
ganisms after growth in conventional blood culture does 
provide the necessary clinical benefi t within a few hours; 
the costs compared to conventional identifi cation tech-
niques are high. Studies using direct detection of pathogen 
DNA from blood have been confounded by the presence 
of pathogen DNA contamination introduced at the time of 
specimen collection and/or preparation [71].

Mass spectrometry

Matrix-assisted laser desorption/ionization (MALDI) 
time-of-fl ight mass spectrometry (TOF MS) has been 
used successfully for routine identifi cation of bacterial 
colonies and for the direct identifi cation of bacteria in 
positive blood cultures [72–74]; the current status has re-
cently been reviewed by La Scola et al. [75]. It has also 
been used to detect a limited number of antimicrobial re-
sistance genes. Among the advantages of this technique 
are the rapid response provided and the minimal amount 
of labor compared with traditional methods. Three com-
plete systems (mass spectrometer, analysis software and 
spectra database) are available for clinical microbiology 
applications: MALDI BioTyper™ (BrukerDaltonics), 
AXIMA@SARAMIS™ (Shimadzu and Anagnostec) and 
MALDI micro MX™ (Waters Corporation). Seng et al. 

[72] reported 95.4% success in post-culture bacterial 
identifi cation by MALDI-TOF MS; 84.1% of pathogens 
were identifi ed at the species level and 11.3% were iden-
tifi ed at the genus level. Currently, MALDI-TOFF MS 
still requires culture of microorganisms, and drug resis-
tance must still be determined by conventional methods. 
Identifying mixed populations of bacteria seems to be 
diffi cult owing to dynamic range issues in the mass spec-
trometer [74].

The Bruker and Shimadzu systems were recently 
compared [75, 76] using 16s rRNA gene sequencing as 
the gold standard on a large number of clinical isolates. 
94.4% of organisms were identifi ed with the Bruker com-
pared to 88.8% with the Shimadzu spectrometer. Both 
systems showed a >99% agreement with conventional 
and 16S identifi cations with anaerobes and streptococcal 
species remaining most frequently unidentifi ed. Eigner 
et al. [77] reported correct identifi cations to the species 
level in 80% to 100% of cases. Furthermore, the useful-
ness of MALDI-TOF MS for the identifi cation of yeast 
and yeast-like fungi was demonstrated [78, 79]. Recently, 
Clerc et al. [80] reported that MALDI-TOFF MS per-
formed on pellets from positive blood cultures resulted in 
modifi cation of the treatment regimen in 13.4% of adult 
and 2.5% of pediatric patients. Integrating rapid organism 
identifi cation with matrix-assisted laser desorption/ion-
ization time-of-fl ight and real-time review and interven-
tion by an antimicrobial stewardship team was associated 
with decreased mortality, decreased length of ICU stay, 
improved time to effective and optimal antibiotic therapy, 
and decreased recurrent bacteremia [81]; thus, while still 
requiring positive blood cultures and Gram stain, organ-
ism identifi cation by MALDI-TOF combined with anti-
microbial stewardship improved the management of pa-
tients with sepsis.

Microarray

Prove-it sepsis

Prove-it Sepsis (Mobidiag, Finland) is a broad-range PCR 
test using positive blood cultures. This assay is a novel 
PCR and microarray method that is based on amplifi ca-
tion and detection of gyrB, parE, and mecAgenes of 50 
bacterial species [82]. The method allows identifi cation of 
a large panel of bacterial pathogens covering around 90% 
of the agents commonly involved in the aetiology of sep-
sis. The assay is also able to determine the presence of the 
mecA gene. The assay had a sensitivity of 94.7% and a 
specifi city of 98.8%, and was 18 h faster than convention-
al blood culture [82]. Recently, identifi cation of clinically 
relevant yeasts was reported with a sensitivity of 99% and 
a specifi city of 98% [83]. Unfortunately, microbiological 
results were not compared to clinical information thus far. 
Spiking whole blood allowed for correct identifi cation of 
bacterial species with detection limits of 11–600 colony-
forming unit/mL (CFU/mL) [84].
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Film array blood culture identifi cation

The Film Array Blood Culture Identifi cation Panel detects 
(Biofi re, US) six Gram-positive pathogens, 10 Gram-neg-
ative pathogens, and fi ve Candida spp. associated with 
bloodstream infections. In addition, the test detects the 
antibiotic resistance genes mecA, VanA/B, and KPC. Fol-
lowing positive blood cultures, a result can be obtained 
in 1 h with 2 min of hands-on time [85]. Compared to 
traditional blood culture-based identifi cation, a pathogen 
was identifi ed in 91.6% of samples with monomicrobial 
growth; 7.8% of the undetected pathogens were not cov-
ered by the FilmArray panel. In 3.6% of samples, the 
FilmArray detected an additional pathogen compared to 
blood culture. Future studies will have to further evaluate 
the performance of the assay.

Verigene

The Verigene Gram-Positive Blood Culture and Gram-
Negative nucleic acid assays (Nanosphere, US) are mi-
croarray-based and performed on the Verigene system for 
detection of a variety of Gram-positive and Gram-negative 
microorganisms and associated resistance markers in posi-
tive aerobic blood culture bottles. The assays take approxi-
mately 2.5 h to complete [86]. The Gram-positive assay 
has been evaluated using positive blood cultures drawn 
from adult and pediatric populations showing high sensi-
tivity and specifi city compared to routine microbiological 
methods [87, 88].

Diagnosis of sepsis independent
of blood culture

Molecular techniques applied directly on whole blood 
samples are the best choice for rapid identifi cation of a 
microorganism in the blood. The main advantages of 
PCR detection directly from the blood are the increased 
sensitivity and the avoidance of time-consuming culture, 
resulting in substantial reduction in turnaround time even 
compared with PCR identifi cation from positive blood cul-
tures. These amplifi cation techniques include broad-range 
and multiplex PCR. Currently, a number of these tests 
have the CE label, but none of these assays is approved by 
the U.S. Food and Drug Administration (FDA).

Broad-range nucleic acid amplification

Broad-range PCR assays have been implemented for the 
detection of bacteria or fungi in blood based on the 16S 
or 23S rRNA gene of bacteria and the 18S rRNA gene 
of fungi. After amplifi cation, the amplicons can be iden-
tifi ed by different methods such as capillary sequencing 
analysis, pyrosequencing, or hybridization with specifi c 
probes [89].

Multiplex nucleic acid amplification

The multiplex real-time PCR assays allow the rapid iden-
tifi cation of pathogens directly from blood. Multiplex 
PCR involves amplifying multiple targets of DNA in 
the same sample at the same time using a mix of prim-
ers. This technique is often based on amplifi cation of the 
internal transcribed spacer region of the microorganisms. 
This non-coding region of the ribosomal DNA is localized 
among highly conserved genes, shows a high level of het-
erogeneity among bacterial and fungal genera and species 
and allows a high level of identifi cation using a limited 
pool of slightly degenerated primers [15, 90]. While PCR-
based techniques allow more rapid and sensitive detection 
of pathogens compared with conventional blood culture, 
the climate of opinion is that currently PCR can supple-
ment, but not replace, blood culture. In numerous studies, 
combined detection rate of both methods was signifi cantly 
higher compared with PCR or blood culture alone. Also, 
complete determination of antibiotic resistance can cur-
rently not be performed exclusively by PCR due to limited 
multiplexing capabilities.

SepsiTest

SepsiTest (Molzym, Germany) is a PCR-based detection 
and sequence identifi cation system for organisms causing 
sepsis. Using 1 mL of blood, the presence of bacteremia or 
fungemia can be detected within 4 h via broad-range PCR 
for 16S and 18S rRNA genes. In positive cases, sequence 
analysis of the amplicon is performed for identifi cation 
of more than 300 bacteria and fungi in 8–12 h. The diag-
nostic sensitivity and specifi city of this test were 87.0% 
and 85.8% when compared to blood culture [91]. Grif and 
collaborators [92] have recently confi rmed the diagnostic 
sensitivity and specifi city (88.5% and 83.5%).

Magicplex

The Magicplex Sepsis Real-time test (Seegene, Korea) 
screens for more than 90 pathogens (73 Gram-positive, 12 
Gram-negative, and 6 fungi) as well as three drug resis-
tance markers (mecA, vanA and vanB) using whole blood 
samples. After an initial screening step for 3 h identifi ca-
tion of pathogens takes an additional 30 min. No reports 
on the validation of analytical and/or clinical performance 
have been published thus far.

VYOO

The Multiplex PCR system VYOO (SIRSLab, Germany) 
combines culture-independent pathogen-derived nucleic 
acid concentration and multiplex PCR-based species de-
tection. The multiplex PCR detects 34 bacterial and 7 
fungal species and fi ve most common resistance mark-
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ers (mecA, vanA, vanB, blaSHV, blaCTX-M) [93]. The 
system allows the selective removal of human DNA and 
exploits the methylation differences between bacterial/
fungal DNA and human DNA to enrich the clinical sample 
with pathogen DNA by affi nity chromatography. Follow-
ing amplifi cation, products are run on an agarose gel for 
evaluation of the pathogen-specifi c electrophoretic pat-
tern. Approximately 90% of human DNA is removed, 
signal loss on amplifi cation caused by human DNA is 
signifi cantly decreased, with sensitivity elevated at least 
10-fold compared with samples not subjected to pathogen 
DNA enrichment. In an observational study performed by 
Bloos and colleagues, 311 concomitant blood cultures and 
blood for VYOO were obtained from 245 patients with 
suspected sepsis; 14.5% of blood cultures and 30.1% of 
PCRs were positive. Thus, VYOO results were available 
faster, were more frequently positive, and may result in 
earlier adjustment of antimicrobial therapy [94]. In a re-
cent study, Fitting and colleagues determined that 70% of 
infected patients with positive blood cultures also gave a 
positive result using the VYOO technique, with improve-
ments still needed [93]. The overall turnaround time was 
approximately 8 h. Results of a larger multicenter trial 
have not become available yet.

SeptiFast

The LightCycler® SeptiFast test (Roche Molecular Sys-
tems, Germany) is a multiplex PCR assay designed to de-
tect 25 microorganisms that cause approximately 90% of 
all bloodstream infections directly from blood. SeptiFast 
uses real-time PCR in a non-quantitative mode to iden-
tify ten bacteria at the species level, several more at the 
genus level, as well as fi ve Candida spp. and Aspergillus 
fumigatus. These organisms are thought to be responsible 
for more than 90% of all the cases of bloodstream infec-
tion [95]. 1.5 mL of whole blood was manually extracted, 
followed by three separate PCR reactions (one each for 
Gram-positives, Gram-negatives, and fungi) using fl uores-
cent probes and melting curve analysis based on a dedi-
cated software to identify the pathogens [95]. Internal and 
reagent controls are provided by the assay to control for in-
hibition and reaction effi ciency. The overall time to result 
is around 5 h. Recently, a semi-automated DNA extraction 
protocol has been described using the MagNAPure instru-
ment (Roche Molecular Systems), shortening the overall 
time to result to 3.5–4 h without a loss in accuracy [96].

There is a wealth of more than 60 publications on the 
clinical evaluation of SeptiFast in different patient popu-
lations (Table 2). The technical performance results were 
initially described by Lehmann et al. [95]. Subsequently, 
the test has then been evaluated mainly in adult ICU pa-
tients in multicenter studies [94, 97–99] for CE registra-
tion of SeptiFast. In these studies enrolling patients with 
suspected sepsis, severe sepsis, and septic shock, the 
positivity rate for SeptiFast was signifi cantly higher than 
that of blood culture; positivity rate for SeptiFast ranged 

from 25% to 35%, whereas that of traditional blood cul-
ture ranged between 13% and 21%. Single-center stud-
ies in ICU patients mirrored these fi ndings [100–102]. 
The key studies reported an increased sensitivity com-
pared to blood culture (Tables 1 and 2). Patients with 
positive  SeptiFast results also showed increased infl am-
matory markers including procalcitonin and IL-6 [103–
105] (E. Tsalik, unpublished data), as well as increased 
APACHE II scores [104].

To answer the question whether microbial DNA in 
blood correlates with bloodstream infection, Tsalik et al. 
[35] investigated the presence of microbial DNA in more 
than 300 patients admitted to the emergency department 
with suspected sepsis using the SeptiFast in addition to 
routine care including blood culture. The results convinc-
ingly showed that SeptiFast-positive results indicated the 
presence of infection but were not caused by circulation of 
bacterial DNA in patients free of infections (i.e., presence 
of bacteria due to contamination with skin fl ora).

The value of SeptiFast was also investigated in other 
patient populations. In patients with febrile neutropenia, 
increased sensitivity of SeptiFast compared to traditional 
blood culture was reported in several studies [105–108]. In 
an early study, Mancini et al. [106] found a positivity rate 
of 20.4% vs. 33% using blood culture and PCR, respec-
tively. Lilienfeld-Toal et al. [105] reported a 3% positiv-
ity for blood cultures during antibiotic therapy compared 
to 15% using SeptiFast. In six cases, SeptiFast detected 
a new pathogen repetitively accompanied by a signifi cant 
rise in procalcitonin levels, suggestive of a true detection 
of infection. All patients with probable invasive fungal 
infection had a positive SeptiFast result for A. fumigatus. 
Lamoth et al. [107] studied 141 febrile neutropenic epi-
sodes in 86 hematological patients characterized in 31% of 
cases as microbiologically documented compared to 35% 
clinically documented infections and 34% unexplained 
fevers. The numbers of microorganisms detected by Sep-
tiFast vs. blood culture were similar at the onset of fever 
(12 microorganisms were detected by blood culture and 
SeptiFast, 32 by blood culture only, and 34 by SeptiFast 
only); however, in episodes of persistent fever, SeptiFast 
detected 28 new microorganisms (7 Gram-positives, 15 
Gram-negatives, and 6 fungi [89% with a clinically docu-
mented site of infection]), whereas blood culture detected 
only four pathogens (P = 0.001). While blood culture did 
not detect fungi, SeptiFast identifi ed fi ve Candida spp. and 
one Aspergillus spp. in 5/7 probable or possible cases of 
invasive fungal infections. All studies concluded that the 
use of SeptiFast in combination with blood cultures im-
proves the diagnosis of bloodstream infections in febrile 
neutropenia, especially when fever persists and invasive 
fungal infections are suspected. Idelevich et al. [109] 
observed that the average time between blood sampling 
and communication of SeptiFast result was 19 h, while 
the time from blood sampling to communication of Gram 
stain result from positive blood cultures was 32 h, and 
communication of preliminary identifi cation and suscepti-
bility from blood culture isolates took an average of 58 h. 
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Table 2. Study design and patient cohort/ward in published studies using the SeptiFast test

Title of publication Study design Patient cohort/ward Reference

New diagnostic tools for neonatal sepsis: The role of a 
 real-time polymerase chain reaction for the early detection 
and identification of bacterial and fungal species in blood 
samples

Review Oncohematological
malignancies, and other 
febrile states

[142]

Molecular diagnosis of sepsis in neutropenic patients with 
hematological malignancies

Prospective Hematological malig-
nancies

[106]

Multiplex polymerase chain reaction detection enhancement 
of bacteremia and fungemia

Retrospective IR and ICU Sepsis [95,100]

A multiplex real-time PCR assay for rapid detection and dif-
ferentiation of 25 bacterial and fungal pathogens from whole 
blood samples

Non clinical perfor-
mance and observational 
data

N/A [95]

Automatic detection of bacterial and fungal infections in 
blood

Retrospective Sepsis patients [171]

LightCycler SeptiFast assay as a tool for the rapid diagnosis 
of sepsis in patients during antimicrobial therapy

Prospective ICU and febrile BMT 
 recipients

[143]

Molecular diagnosis of polymicrobial sepsis Letter to Editor Sepsis patients [110]
Blood culture systems: rapid detection – how and why? Review N/A [172]
Laboratory diagnosis of late-onset sepsis in newborns by 
multiplex real-time PCR

Correspondence Neonates [90]

Invasive aspergillosis in two liver transplant recipients: diag-
nosis by SeptiFast

Case report Liver Transplant recipi-
ents

[111]

Diagnosis of bloodstream infections in immunocompromised 
patients by real-time PCR

Interventional study Cancer [16]

Microbiological sepsis screening in surgical ICU patients 
with the “Lightcycler” Septifast Test – A pilot study

Pilot study Surgical ICU [173]

Evaluation of the Light Cycler® SeptiFast test in the rapid 
etiologic diagnosis of infectious endocarditis

Prospective Definite endocarditis [122]

Multiplex real time PCR and blood culture for ID of blood 
stream pathogens in patients with suspected sepsis

Observational ICU Sepsis [97]

Utility of a commercially available multiplex real-time PCR 
assay to detect bacterial and fungal pathogens in febrile neu-
tropenia

Retrospective Febrile neutropenia after 
chemotherapy

[105]

Clinical impact of a commercially available multiplex PCR 
system for rapid detection of pathogens in patients with pre-
sumed sepsis

Retrospective Presumed sepsis [102]

Improved detection of blood stream pathogens by real-time 
PCR in severe sepsis

Observational ICU Sepsis [145]

A multicentre trial to compare blood culture with polymerase 
chain reaction in severe human sepsis

Observational ICU Sepsis [103]

Potential clinical utility of polymerase chain reaction in mi-
crobiological testing for sepsis

Observational ICU Sepsis [98]

Use of the LightCycler SeptiFast Test for rapid etiologic 
 diagnosis of nosocomial infection in gynecological sepsis

Case reports Gynecological sepsis [174]

Evaluation of pathogen detection from clinical samples by 
real-time polymerase chain reaction using a sepsis pathogen 
DNA detection kit

Prospective SIRS [146]

Preliminary clinical study using a multiplex real-time PCR 
test for detection of bacterial 4 and fungal DNA directly in 
blood

Prospective; observa-
tional

ICU Sepsis [112]

Molecular identification of bloodstream pathogens in pa-
tients presenting to the emergency department with suspected 
sepsis

Retrospective Suspected sepsis in the 
ER

[175]
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Table 2. (cont.)

Title of publication Study design Patient cohort/ward Reference

Evaluación de una PCR multiplex en tiempo real para la 
 detección de patógenos en el tejidovalvular de pacientes 
con endocarditis

Prospective Valve tissues [126]

Multiplex PCR allows rapid and accurate diagnosis of blood-
stream infections in newborns and children with suspected sepsis

Retrospective Neonates and children [119]

Therapeutic impact and diagnostic performance of multiplex 
PCR in patients with malignancies and suspected sepsis

Prospective Cancer and sepsis [176]

Cost and mortality prediction using polymerase chain reac-
tion pathogen detection in sepsis: evidence from three obser-
vational trials

Retrospective analysis/ 
mathematical prediction

N/A [155]

Multiplex blood PCR in combination with blood cultures for 
improvement of the microbiological documentation of infec-
tion in febrile neutropenia

Prospective, observa-
tional

Hematological malig-
nancies

[107]

Automated extraction improves multiplex molecular detec-
tion of infection in septic patients

Analytical method com-
parison

N/A [96]

Is detection of bacterial DNA in ascitic fluid of clinical rele-
vance?

Prospective Cirrhosis and ascites 
samples

[125]

Rapid qualitative urinary tract infection pathogen identifica-
tion by SeptiFast real-time PCR

Retrospective UTI [124]

Molecular biological sepsis diagnostic using multiplex PCR 
in surgical intensive care as suitable alternative to conven-
tional microbial culture – a representative overview

Retrospective Surgical ICU [177]

Diagnostic accuracy and potential clinical value of the Light-
Cycler SeptiFast assay in the management of bloodstream in-
fections occurring in neutropenic and critically ill patients

Retrospective Neutropenia, ICU [178]

Establishment of a semi-automated pathogen DNA isolation 
from whole blood and comparison with commercially avail-
able kits

Analytical N/A [131]

The clinical diagnostic accuracy of rapid detection of health-
care-associated bloodstream infection in intensive care using 
multipathogen real-time PCR technology

Prospective HAI-associated blood-
stream infection

[179]

Multiplex polymerase chain reaction pathogen detection in 
patients with suspected septicemia after trauma, emergency, 
and burn surgery

Prospective ICU, ED, burn [116, 180]

[The first experience of application of PCR techniques in 
real-time mode to diagnose bacteriemia during postopera-
tional period in cardiosurgery patients]

Retrospective Post-surgery [181]

Performance of the LightCycler SeptiFast test Mgrade in de-
tecting microbial pathogens in purulent fluids

Retrospective Pyogenic infections [182]

Usefulness of real-time PCR for the diagnosis of sepsis in 
ICU-acquired infections

Review ICU [101]

Molecular diagnosis of Aspergillus fumigatus endocarditis Case report CLL [183]
Evaluation of a commercial multiplex PCR test (SeptiFast) in 
the etiological diagnosis of community-onset bloodstream in-
fections

Retrospective Community-onset sepsis [5]

[Matrix-assisted laser desorption ionization time-of-flight 
(MALDI-TOF) mass spectrometry vs conventional methods 
in the identification of Candida non-albicans]

Analytical Candida isolates [184]

Multiplex PCR pathogen detection in two severely burned 
patients with suspected septicemia

Case reports Burn [116]

Comparison of conventional culture with SeptiFast real-time 
PCR for microbial pathogen detection in clinical specimens 
other than blood

Retrospective Antimicrobial therapy [185]
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Table 2. (cont.)

Title of publication Study design Patient cohort/ward Reference

Procalcitonin predicts real-time PCR results in blood samples 
from patients with suspected sepsis

Retrospective Suspected sepsis [186]

Results and relevance of molecular detection of pathogens by 
SeptiFast – A retrospective analysis in 75 critically ill chil-
dren

Retrospective Pediatric ICU [113].

Accuracy of LightCycler® SeptiFast for the detection and 
identification of pathogens in the blood of patients with sus-
pected sepsis: a systematic review protocol

Review Suspected sepsis [187]

LightCycler SeptiFast technology in patients with solid 
 malignancies: clinical utility for rapid etiologic diagnosis 
of sepsis

Retrospective Solid malignancies, ICU [188]

PCR-based rapid sepsis diagnosis effectively guides clinical 
treatment in patients with new onset of SIRS

Retrospective Abdominal sepsis [144]

Rapid detection of bloodstream pathogens by real-time PCR 
in patients with sepsis

Retrospective Sepsis [92]

Diagnostic performance of multiple real-time polymerase 
chain reaction assay in patients with suspected sepsis hospi-
talized in an internal medicine ward

Prospective Suspected sepsis [189]

Diagnosis, management and outcome of Candida endo-
carditis

Prospective Candida endocarditis [123]

Bacterial lung sepsis in patients with febrile neutropenia Review Febrile neutropenia [190,191]
Molecular approaches in the diagnosis of sepsis in neutro-
penic patients with hematological malignances

Prospective Neutropenia [108]

Rapid detection of bloodstream pathogens by real-time PCR 
in patients with sepsis

Retrospective Sepsis [92]

Diagnostic performance of multiple real-time polymerase 
chain reaction assay in patients with suspected sepsis hospi-
talized in an internal medicine ward

Prospective Suspected sepsis [189]

Diagnosis, management and outcome of Candida endocarditis Prospective Candida endocarditis [123]
Bacterial lung sepsis in patients with febrile neutropenia Review Febrile neutropenia [190,191]
Molecular approaches in the diagnosis of sepsis in neutro-
penic patients with hematological malignances

Prospective Neutropenia [108]

Diagnosis of infective endocarditis: comparison of the Light-
Cycler SeptiFast real-time PCR with blood culture

Retrospective Endocarditis [191]

Multiplex PCR for rapid and improved diagnosis of blood-
stream infections in liver transplant recipients

Retrospective Liver transplant [117]

Invasive candidiasis: a review of nonculture-based laboratory 
diagnostic methods

Review Candidiasis [192]

Diagnostic utility of LightCycler SeptiFast and procalcitonin 
assays in the diagnosis of bloodstream infection in immuno-
compromised patients

Retrospective Immunosuppression [193]

Cost analysis of real-time polymerase chain reaction micro-
biological diagnosis in patients with septic shock

Cost-minimization study Septic shock [17]

Evaluation of the LightCycler SeptiFast test in newborns and 
infants with clinical suspicion of sepsis

Retrospective Neonatal ICU [120]

Microbial diagnosis in patients with presumed severe infec-
tion in the emergency department

Retrospective Emergency room [104]

Routine use of a real-time polymerase chain reaction method 
for detection of bloodstream infections in neutropenic 
 patients

Retrospective Neutropenics [194]

Comparison of two molecular assays with conventional 
blood culture for diagnosis of sepsis

Retrospective Critical illness [127]
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The same authors suggested that the automated cut-off for 
coagulase-negative staphylococci applied by the SeptiFast 
software (to eliminate detection of potential contaminants) 
should be replaced by manual readings in neutropenic pa-
tients (E. Idelevich, personal communication).

Since the markedly increased sensitivity for the detec-
tion of fungal pathogens was of particular interest, Ruhnke 
et al. (manuscript in preparation) monitored patients un-
dergoing allogeneic bone marrow transplantation (BMT) 
twice weekly and when fever developed for the presence 
of bacterial and/or fungal pathogens from admission until 
discharge from the BMT unit. The vast majority of Gram-
negative pathogens and all fungi (mostly A. fumigatus) 
were exclusively detected by SeptiFast. Based on these 
results, it is tempting to speculate that SeptiFast may be of 
great value as an early indicator of bloodstream infection 
in patients undergoing bone marrow transplantation.

A limitation for the successful diagnostic use in neu-
tropenic patients may be the software-algorithm that in-
creases the cut-off values for coagulase-negative staphy-
lococci and streptococci to allow differentiation between 
pathogens and contaminants from the skin in ICU patients 
(Package insert, SeptiFast test).

The vast majority of studies using the SeptiFast test 
as described above used non-interventional trial designs 
(retrospective analysis or descriptive non-interventional). 
Therefore, one can only speculate about the clinical benefi t 
of Septifast. A number of case reports showed the value 
of interventional use of the SeptiFast test, particularly in 
polymicrobial infections [90, 110] and infections in immu-
nocompromised hosts [90, 111]. A small number of stud-
ies [102, 112] reported a potential for therapy adjustments 
using SeptiFast results in between 5% and 8% of ICU pa-
tients and in up to 13% of pediatric patients [113]. Further-
more, a recent randomized controlled clinical trial investi-
gated the value of conventional blood culture vs. Septifast 
in patients with pulmonary or abdominal sepsis on six 

postoperative ICUs in Germany [114]. Block randomiza-
tion was used to allocate 37 patients into the control and 41 
into the intervention group in which SeptiFast results were 
provided. In 24.4% patients, Septifast detected at least one 
pathogen (mean duration from blood draw to information 
of ICU was 15 h). In contrast, blood culture results were 
communicated only after 29 h (p < 0.05). In 40% of pa-
tients with positive Septifast results, therapy was modifi ed 
(two invasive mycoses, one P. aeruginosa, one S. aureus) 
after 18 h (26 h earlier than that in controls (p = 0.040). 
Thus, Septifast achieved a signifi cant reduction in time to 
adaptation of therapy, especially benefi cial in patients with 
invasive mycoses.

Most importantly, the French government funded the 
EVAMICA study, a prospective randomized multicenter 
study with two consecutive 6-month periods during which 
– in addition to routine blood culture – the SeptiFast test 
was performed or not performed at the onset of severe 
infections, namely, severe sepsis, fi rst episode of febrile 
neutropenia, or suspicion of endocarditis have been pre-
sented [115]. Primary and secondary outcomes include 
the number of patients with microbial detection in blood, 
number of patients with adequate treatment, mortality at 
day 30, and the occurrence of complications. The inten-
tion-to-treat analysis for the primary outcome of microbial 
positivity in the blood has been presented for 1416 patients 
in 18 hospitals. Overall, microbes were detected in blood 
by blood culture and/or SeptiFast in 286 (39.1%) patients 
in the period when SeptiFast was used, and in 194 (28.4%) 
patients in the study period when SeptiFast was not used 
(p value <0.001). The higher microbial detection in blood 
during the SF period was observed in cases of severe 
sepsis (198/465 (42.6%) patients in the SeptiFast period 
vs. 125/442 (28.3%) in the nonSeptiFast period (p value 
< 0.001)), but not in neutropenic patients; there were more 
endocarditis patients with pathogens detected in the Sep-
tiFast period (18/49, 36.7%) than in the nonSeptiFast pe-

Table 2. (cont.)

Title of publication Study design Patient cohort/ward Reference

Molecular detection of late-onset neonatal sepsis in 
 premature infants using small blood volumes:
Proof-of-concept

Experimental Neonates [121]

Comparison of three different commercial PCR assays for 
the detection of pathogens in critically ill sepsis patients

Prospective, observa-
tional

Sepsis [128]

The value of combining blood culture and SeptiFast data for 
predicting complicated bloodstream infections caused by 
gram-positive bacteria or candida species

Prospective Sepsis [195]

Use of a multiplex polymerase chain reaction system for en-
hanced bloodstream pathogen detection in thoracic transplan-
tation

Observational Thoracic allograft recipi-
ents (heart and lung) 

[118]

Multiplex PCR system for rapid detection of pathogens in 
patients with presumed sepsis – a systemic review and meta-
analysis

Systemic review/meta-
analysis

Patients with presumed 
sepsis

[99]

Use of SeptiFast for the detection of bacterial meningitis Retrospective Suspected meningitis 
(cerebrospinal fluid ) 

Infection, 
in press
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riod (1/20, 5%) (p value of 0.007). Patient characteristics 
were overall similar between the two periods. Multivariate 
analysis revealed that the SeptiFast period was associated 
with a signifi cant increase in the rate of pathogen detection 
(OR=1.83, IC95% 1.32–2.53, p < 0.001). Additional anal-
yses including health economic benefi t, etc. are currently 
under investigation by the study coordinators.

Patients with burns [116], liver [111, 117], and thorac-
ic transplantation [118] as well as children and neonates 
[113, 119, 120] have also been investigated with promis-
ing results. The latter population is of particular interest 
based on the low volume of blood available for routine 
blood culture [121]. SeptiFast was routinely used in more 
than 800 patients with suspected sepsis in a large Italian 
pediatric hospital [119]. Positivity rates for SeptiFast were 
markedly higher compared to blood culture in neonates/
children with hemato-oncological diseases, children un-
dergoing surgery or in ICUs, as well as in children in emer-
gency departments or general pediatric wards. Among 42 
blood samples from 35 neonates on ICUs, Torres-Martos 
[120] observed a high sensitivity and specifi city of Septi-
Fast compared to the clinical diagnosis of sepsis. Of inter-
est, the rate of contamination in blood culture and Septi-
Fast was 16.7% and 2.4%. Similarly, Tschiedel et al. [113] 
retrospectively analyzed a cohort of pediatric patients and 
observed a signifi cantly higher pathogen detection rate us-
ing SeptiFast compared to blood culture, especially in pa-
tients pretreated with antibiotics. Furthermore, SeptiFast 
results were available at least 31 h before blood culture 
results, and antibiotic therapy was adjusted in 13% of pa-
tients based on SeptiFast results. No major advantage was 
observed for patients with suspected infective endocarditis 
since several endocarditis-related bacterial species are not 
included in the SeptiFast panel, and the sensitivity of the 
assay may not be suffi cient to detect the low-grade bacte-
remia associated with endocarditis [15, 122]. In a small se-
ries of patients, Lefort et al. [123] observed similar perfor-
mance of SeptiFast compared to blood culture for samples 
from patients with candida endocarditis.

In addition, a number of investigators have applied 
the technique to sample types other than whole blood in-
cluding cerebrospinal fl uid (Steinmann et al., Infection, in 
press), urine [124], ascites [125], and heart valves [126]. 
A metaanalysis of 34 studies using SeptiFast to diagnose 
suspected sepsis was performed by Chang et al. [99]. The 
overall sensitivity and specifi city to detect bacterial and 
fungal infection was 75% and 92% with high heterogene-
ity in the bacterial but not the fungal subgroups.

There are only a very limited number of studies that 
compare the performance of molecular tests with each oth-
er. In a small study, SeptiFast showed a higher sensitivity 
and specifi city when compared to blood culture than the 
SepsiTest [127]. Schreiber et al. [128] compared SeptiFast, 
VYOO and SepsiTest and observed some variability be-
tween the three PCR assays and the corresponding blood 
cultures with regards to the type of pathogen detected. Of 
interest, the three PCR assays appeared to be less suscep-
tible to false-positive results than blood cultures.

Pros and cons of diagnostic techniques

Preanalytical sample processing

After collection, whole blood samples are easily trans-
ferred into blood culture bottles with culture media. Fur-
ther preanalytical steps to increase the yield of traditional 
blood culture are currently not available. Yet, one of the 
critical steps in the molecular diagnosis of sepsis is the pu-
rifi cation of microbial nucleic acids from blood to increase 
sensitivity [15]. An ideal DNA extraction method should 
be sensitive, reproducible, cost-effective, fully automated, 
and universal in its ability to extract bacterial and fungal 
DNA, thereby enabling rapid and reliable detection of 
pathogen DNA in septic patients. The presence of contam-
inating bacterial or fungal DNA in the reagents [129], the 
risk of carryover contamination among samples, and the 
interference of high level human DNA with the extraction 
of less abundant bacterial or fungal DNA [130] are among 
the main problems. Increased sensitivity without loss 
of specifi city can be introduced by software algorithms 
that artifi cially increase the detection limits for frequent 
contaminants such as coagulase-negative staphylococci 
(CNS) and Streptococcus ssp. (as in the SeptiFast assay). 
Recently, a variety of new tools have been introduced to 
achieve selective enrichment of bacterial DNA from total 
DNA [129] such as the use of a protein immobilized on a 
column to specifi cally bind prokaryotic DNA for selective 
enrichment of bacterial DNA (e.g., SIRS-Lab’s LOOX-
STER® universal) or the use of DNase specifi c for human 
DNA [131].

Overall turnaround time

Despite some advances with rapid phenotypic tests the 
delay in time to result represents one of the major limita-
tions of traditional blood culture due to the dependence on 
growth of organisms and biochemical identifi cation. The 
turnaround time can be several days and even more pro-
longed when slow-growing pathogens such as fastidious 
bacteria and yeasts or anaerobes are present [15]. Molecu-
lar techniques performed on positive blood cultures offer 
faster identifi cation of bacteria following culture but are 
still time-consuming because of the growth requirement 
in blood culture. It will therefore be diffi cult to address the 
clinician’s needs applying molecular techniques only after 
blood cultures have indicated the growth of organisms as 
the turnaround time does not meet the clinically relevant 
time frames. In contrast, molecular techniques performed 
directly on whole blood show markedly shorter turnaround 
time combined with increased sensitivity. First, the avoid-
ance of a time-consuming culture step substantially reduc-
es the turnaround time compared to routine blood culture 
but also compared to rapid detection of pathogens using 
PCR following growth in blood cultures (Fig. 2). Second-
ly, a large number of studies has demonstrated increased 
sensitivity compared to routine blood culture (Table 1) 
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driven by the amplifi cation using PCR and the indepen-
dence from inhibitory infl uences of antibiotics or other 
factors present in the blood. On the contrary, laboratory 
contamination, background bacterial DNA in blood, and 
the potential detection of bacterial DNA from dead and 
living organisms are some of the main limitations of these 
methods [89]. Of importance, the turnaround time of the 
molecular technology alone does not allow to preclude its 
value; rapid molecular technologies have to be embedded 
into well-defi ned clinical algorithms that allow transport 
of the sample to the laboratory, pre-analytics, performance 
of the test, and result transmission to the clinician around 
the clock. In this regard, most studies using molecular 
technologies have reported reduced overall turnaround 
times compared to traditional blood culture but mean turn-
around times remained disappointing due to the limitations 
of test performance after hours and/or over the weekend. 
Furthermore, the extent of clinical benefi t (initiation, esca-
lation, or de-escalation of antimicrobial therapy) provided 
by rapid turnaround time in patients who most likely are 
pre-treated with broad-range antibiotics as empiric therapy 
has to be determined.

Detection of antimicrobial resistance

Despite signifi cant advances in diagnostic technologies, 
many patients with suspected sepsis receive empiric anti-
microbial therapy rather than appropriate therapy dictated 
by the rapid identifi cation of the infectious agent. The 
result is overuse of a limited number of effective antimi-
crobials. A diagnostic strategy that incorporates sensitive 

biomarkers to indicate the presence of infection followed 
by pathogen-specifi c tests that are linked to a rapid assess-
ment of drug resistance could revolutionize sepsis manage-
ment by enabling the initiation or adjustment of defi nitive 
antimicrobial therapy. Rapid identifi cation of antibiotic re-
sistance is also central to infection control policies includ-
ing the timely isolation of patients harboring drug-resistant 
organisms. A limited number of bacterial resistance genes 
can be routinely detected using commercially molecular 
assays such as mecA, vanA and vanB [132], in most cases 
combined with the detection of Gram-positive pathogens. 
PCR tests for the presence of genes that encode resistance 
in Gram-negative bacteria including ESBL and carbapen-
emases are also commercially available (e.g., Hyplex sys-
tems, Amplex, Germany; Check-Points, the Netherlands). 
A DNA microarray with high coverage of known vari-
ants allows rapid molecular testing for ESBLs following 
growth and isolation of single colonies [133]. However, it 
remains to be shown whether the molecular detection of 
antimicrobial resistance genes can replace phenotypic mi-
crobiological characterization of antimicrobial susceptibil-
ity since the presence of resistance genes does not always 
translate in clinically relevant resistance.

Sample transport, lab workflow, and result reporting

Implementation of the new molecular techniques in the 
clinical microbiology laboratory is needed especially in 
university and emergency hospitals which are able to meet 
the daily increasing demand for such specifi c tests. The 
laboratory workfl ow incorporate optimized handling pre- 

Fig. 2. Time to result of selected blood culture-dependent and blood culture-independent technologies for the diagnosis of sepsis; 
the vertical line indicates the duration of blood culture (fixed at 8 h or longer for this figure)
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and post-analytics including immediate sample transfer 
to the laboratory after collection, processing of samples 
at night and on weekends, and immediate reporting of 
validated results to highly specialized experts [134]. As 
trained personnel are needed to perform molecular assays, 
diffi culties might appear in applying the test in the routine 
of some microbiology laboratories [135]. Furthermore, 
the current trend of centralization of clinical microbiol-
ogy laboratories may on one hand add value due to more 
organized and effi cient transport of samples to these labo-
ratories and computer-based communication of results; 
however, the distance between sample collection at the 
bedside and the laboratory may also increase the transport 
time. Thus, laboratories introducing molecular technolo-
gies for the rapid diagnosis of sepsis need to take a holistic 
look at the patient management from sample collection, 
laboratory workfl ow, to patient management and infection 
control measures.

Clinical aspects

The value of blood cultures for confi rming the clinical 
diagnosis of sepsis, severe sepsis, and septic shock is 
suboptimal. Although most untreated patients with bac-
terial meningitis have positive blood cultures, only 30% 
of patients with bacterial pneumonia and intra-abdominal 
infections have positive cultures. Only 5% to 15% of all 
cultures drawn for any reason, and only 50% of patients 
with septic shock, are showing positive results [136]. It 
has been demonstrated that PCR adds clinically valuable 
information to blood culture, and it delivers it much ear-
lier [35], offering a great potential in clinical practice. For 
acute care physicians, rapid molecular tests targeting vari-
ous microorganisms involved in specifi c syndromes, such 
as meningitis, endocarditis, pneumonia, or sepsis, would 
allow for rapid diagnosis and early aggressive targeted 
therapy. As a result, this will diminish the development of 
antibiotic resistance and decrease costs [137]. The clinical 
benefi t of PCR in monitoring patients after allogenic stem 
cell transplantation has elegantly been shown by Hebart et 
al. [138]. Using results generated by a laboratory-devel-
oped PCR test from whole blood to initiate amphotericin B 
therapy, a signifi cant decrease in mortality was observed. 
The notion of a universal detection is directly linked to 
the future potential effect of PCR-based assays for clinical 
practice in the emergency units or other acute critical-care 
settings. To determine the appropriateness of empiric an-
timicrobial therapy and the extent to which therapy would 
be altered based on the result of a rapid PCR test, Stonek-
ing et al. [139] retrospectively investigated consecutive 
patients with positive blood cultures in an emergency de-
partment. If PCR had revealed the causative organism at 
the time of admission, antimicrobial therapy would have 
been changed to narrower-spectrum antibiotics in 55% of 
cases. Therapy would have been changed because the or-
ganism was not covered in 21.3% of cases, and therapy 
would remain the same in 23.0% of cases. Rapid diagno-

sis using PCR showed a statistically signifi cant advantage 
(p < 0.0001) over Infectious Disease Society of America 
protocols in facilitating accurate antimicrobial therapies. 
In contrast, Pletz et al. [140, 141] reported that the use of 
current rapid PCR-based diagnostics cannot address some 
of the most common causes for inappropriate antimicro-
bial use, i.e., antimicrobial resistance, poor penetration of 
antibiotics into tissues, and underdosing. They propose 
to focus on pathogens and resistance genes that are cur-
rently not covered by guideline-recommended treatment 
regimens rather than introducing complexity by increas-
ing the panel of multiplex PCRs. However, none of these 
studies critically evaluate the feasibility of de-escalation 
or tailored antimicrobial therapy in critically ill patients 
under broad-spectrum antimicrobial therapy. Using a chart 
review in a large medico-surgical ICU department (antibi-
otic strategies were reviewed by ID specialists three times 
per week), Heenen et al. [141] observed that even close 
collaboration among intensivists and ID specialists al-
lowed de-escalation in less than 50% of cases.

Implementation of new molecular techniques has fo-
cused on clinical settings, such as ICU, hematology, car-
diology, neonatology, or pediatric units, where rapid iden-
tifi cation of systemic bacterial infection is critical due to 
high mortality rates. The clinical use of Septifast has been 
demonstrated in numerous scientifi c reports (Table 2). 
Septifast has shown promising performances as an adjunct 
to blood culture for neutropenic [105–107, 110, 111], neo-
natal and pediatric [90, 113, 119, 142, 143], intensive care 
[100, 101, 103, 128, 144, 145], and general medicine [97, 
100, 146] patients. No major advantage was observed for 
patients with suspected infective endocarditis using blood 
[122, 126], while the performance on heart valves was 
superior to blood culture [126]. The lower performance 
in some studies can be explained in part by the absence 
of several endocarditis-related bacterial species from the 
SeptiFast menu.

Lodes et al. [144] for the fi rst time demonstrated the 
successful use of SeptiFast to guide treatment of ICU pa-
tients at risk for abdominal sepsis; improved detection of 
specifi c pathogens had a positive impact on therapeutic 
decision-making when adding SeptiFast in patients with 
new onset of SIRS. However, the implementation of a 
rapid PCR assay alone is not enough to improve antibiotic 
use. Rapid molecular technologies with timely reporting 
of results to the clinician must be embedded into an anti-
biotic stewardship program to fully impact patient man-
agement at the bedside [147]. A recent report by Perez 
and colleagues [137] assessed the value of an interven-
tion bundle consisting of MALDI-TOF mass spectrom-
etry, rapid antimicrobial susceptibility testing, and near 
real-time antimicrobial stewardship practices on length 
of hospital stay and associated hospital costs. While only 
including patients diagnosed with aerobic bacterial infec-
tions (thereby excluding those with infections caused by 
yeasts or anaerobic bacteria), the average turnaround time 
for fi nal culture identifi cation and susceptibility after inter-
vention was reduced by approximately one day. The mean 
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hospital length of stay in the preintervention vs. interven-
tion group survivors was 12 vs. 9 days. After multivariate 
analysis, factors independently associated with decreased 
length of hospitalization included MALDI-TOF-based an-
timicrobial stewardship intervention and active therapy at 
48 h. Of interest, the use of an infectious disease or clinical 
pharmacist signifi cantly enhanced the utility of the rapid 
indentifi cation and antimicrobial susceptibility by tailor-
ing antimicrobial therapy. These fi ndings confi rm previ-
ous reports showing that decreased turnaround time are 
unlikely to affect time to appropriate antimicrobial therapy 
or length of hospital stay [148–151].

Economical aspects

Molecular technologies are more expensive than conven-
tional approaches. The direct costs of PCR reagents, equip-
ment, dedicated space, personnel training, and labor have 
been reported to be as high as €300 per reaction. The labor 
intensity needed for most assays as well as technical limi-
tations of most thermocyclers to do multiple runs of PCR 
simultaneously have prevented routine around-the-clock 
testing in the clinical setting. However, in assessing the 
overall benefi t of PCR, direct monetary costs should not 
be the only consideration since the assay has several sig-
nifi cant advantages over traditional methods. Moreover, it 
has been shown that the benefi ts of a PCR outweighed its 
cost [152]. In 2004, Burchardi and Schneider estimated at 
€1200 ($1560) the average total cost per ICU day in seven 
countries with highly developed healthcare systems [153] 
which is approximately 12 times higher than the estimated 
direct cost of a PCR test. Authors noted that staffi ng costs 
represented from 40% to >60% of the total ICU budget 
and variable costs, including drugs, other consumables and 
laboratory and diagnostic services, amounted to only 30% 
of total costs [153]. They stated that because of the high 
proportion of fi xed costs in ICU treatment, the total cost of 

ICU care is mainly dependent on the length of ICU stay. 
By reducing the turnaround time, molecular technologies 
offer a more rapid diagnosis and may reduce the ICU and 
hospital length of stay [16].

Few studies have determined the health-economic as-
pects of commercial tests for the detection of sepsis [73, 
148, 154]. During an evidence-based intervention that 
integrated mass spectrometry, rapid antimicrobial suscep-
tibility testing and near real-time antimicrobial steward-
ship practices savings of approximately $20.000 savings/
patient were reported compared to the pre-intervention 
period; the authors projected an annual savings of ap-
proximately $18 million with the implementation of this 
strategy [137]. While clinical outcomes and savings ap-
pear marked, the bundle investigated used a rapid molecu-
lar test that was applied to positive blood cultures but not 
directly to the blood.

Economic analyses have also been done for molecular 
tests performed directly from blood. The impact of the use 
of the SeptiFast test on healthcare costs and medical out-
comes has been determined by Lehmann and colleagues 
[155] using a mathematical prediction model. In 221 sep-
sis episodes of 189 post-surgical and ICU sepsis patients 
from two studies which involved 1,147 (thereof 316 inad-
equately treated) medical or surgical ICU patients, a total 
of 13.1% of PCR tests enabled earlier adequate treatment. 
The authors predicted that the cost for PCR testing (ap-
proximately €300/test) can be fully recovered for patients 
above €717 (605 to €1,710) daily treatment cost. A 2.6% 
(2.0 to 3.2%) absolute reduction of mortality is expected. 
Cost per incremental survivor calculates to €11,477 (9,321 
to €14,977) and incremental cost-effectiveness ratio to 
€3,107 (2,523 to €4,055) per quality-adjusted life-year. 
Generally, for ICU patients with >25% incidence of inad-
equate empiric antimicrobial treatment, and at least 15% 
with a positive blood culture, the SeptiFast test represents 
a cost-neutral adjunct method. More recently, a cost-mini-
mization study was carried out in patients admitted with a 

Table 3. Patient outcome and hospital costs for patients with bloodstream infection treated using routine medical management 
with or without the SeptiFast test*

Routine management
(Mean  ±  SD)

Routine management
plus SeptiFast (Mean  ±  SD)

p value

28-day mortality 13 (27%) 14 (26%) n.s.
6-month mortality 20 (37%) 20 (41.6%) n.s.
Stay in ICU 31.0 ± 19.4 22.9 ± 29.9 <0.05
Stay in hospital 21.3 ± 23.4 18.3 ± 21.4 <0.05
Stay in ICU survivors 24.1 ± 21.9 18.3 ± 11.4 <0.05
Number of antibiotics used per patient 5.1 ± 3.1 4.2 ± 2.2 <0.05
Antibiotic treatment cost per patient 3576 € 2812 € <0.05
Cost of ICU stay 32798 € 24246 € <0.05
Cost of ward stay 5824 € 4988 € <0.05
Total cost 42198 € 32228 € <0.05

n.s., not significant
*Modified after ref. [17]
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diagnosis of severe sepsis or septic shock to the ICU of a 
university hospital in Spain [17]. During an initial 6-month 
period, the reliability of the SeptiFast test was assessed, 
and patients were treated using routine management, the 
physicians supervising treatment did not receive the Septi-
Fast result; in the subsequent 6 months, the Septifast result 
was made available to the supervising physician, and pa-
tients were managed accordingly. Clinical outcomes (28-
day and 6-month mortalities, length of ICU stay, length of 
hospital stay, and antibiotic use), as well as costs of anti-
biotics, ICU stay, non-ICU hospital stay, were compared 
between the two periods (Table 3). The mortality rate was 
similar in both groups, but the additional use of SeptiFast 
results shortened the ICU stay and lowered the use (and 
costs) of antibiotics. The mean total costs were €42,198 in 
the control vs. €32,228 in the group in whom the SeptiFast 
test was used (p < 0.05). The Xpert MRSA PCR test [148] 
and FISH [156] were also shown to allow timely, effective 
therapy of S. aureus bacteremia associated with a decrease 
in the length of stay and healthcare costs.

Future directions

Despite major technical and clinical advances in the fi eld, 
there are still a large number of unanswered questions 
before new approaches may change the management of 
patients with sepsis. The Infectious Disease Society of 
America has recently published recommendations for the 
development and clinical implementation of improved 
diagnostic tests [18]. Achieving these goals will not 
only require the engagement and coordination of clini-
cal stakeholders, including not only healthcare systems, 
professional societies, and individual clinicians but also 
of congress, funding and regulatory bodies, public health 
agencies, and the diagnostics industry. In addition, the use 
of biomarkers, “companion” diagnostics for clinical trials, 
technological advances and new technologies stand out as 
future directions. We believe that a number of advances 
will have to act jointly to pave the way for innovative ap-
proaches to the diagnosis of sepsis. To be successful, new 
diagnostic approaches have on one hand to be rapid and 
actionable, but also need to be embedded in well-planned 
and implemented algorithms for the management of pa-
tients with suspected sepsis.

Rapid molecular test for the detection of pathogens 
may prove useful for the enrichment of subjects with a 
“proven” pathogen or patients with specifi c clinical syn-
dromes for targeted microorganisms prior to or concomi-
tant with enrollment in clinical trials; other applications 
of rapid molecular tests are the use as “companion” di-
agnostics where the prescription of antimicrobial drugs is 
dependent on the result of a specifi c diagnostic test, or the 
enrichment of subjects in clinical trials for the treatment of 
rare pathogens [18].

The past focus on pathogen detection has not provided 
the expected results but has rather stagnated in the phase 
of method comparison studies. Therefore, the measure-

ment of host responses to infection was identifi ed as an 
alternative to pathogen-based diagnostics (reviewed in ref. 
[4]). Biomarkers or the combination of pathogen plus bio-
marker detection may result in improved management of 
patients with suspected sepsis; it may also be used as a 
“companion” diagnostic approach to enrich for patients in 
the setting of clinical trials using new drugs against sep-
sis targeting host responses or pathogens (http://www.fda.
gov/downloads/Drugs/GuidanceComplianceRegulatory-
Information/Guidances/UCM359184.pdf). With increas-
ing interest in biomarker-guided immunotherapy [1] for 
sepsis, concepts for innovative diagnostic tests will have 
to be redefi ned.

Unfortunately, even the best validated biomarkers are 
currently only used to aid in the diagnosis of sepsis. The 
detection of biomarkers can be based on peptides and pro-
teins, or the detection of nucleic acids. In regards to the 
former, procalcitonin, often used in combination with in-
terleukin-6 [157] is regarded as the champion so far when 
identifying or ruling out bacterial infections. Other mark-
ers under investigation are the soluble triggering receptor 
expressed on myeloid cells (sTREM-1) [158, 159] so luble 
urokinase-type plasminogen activator receptor (suPAR) 
[160], ST2, a receptor involved in helper T cell responses, 
and the natriuretic peptides adrenomedullina and pro-adre-
nomedullin [161]. Recently, Langsley et al. [162] analyzed 
the metabolomes and proteomes of patients with sepsis at 
hospital admittance to allow prediction of outcome. Pro-
fi les of proteins and metabolites in the fatty acid transport 
and b-oxidation, gluconeogenesis, and the citric acid cycle 
differed consistently among several sets of patients, and 
diverged more as death approached.

Nucleic acid-based detection techniques have also 
been described; mitochondrial DNA released into the cir-
culation following cellular damage elicits infl ammatory 
signals (damage-associated molecular patterns (DAMPs)) 
[163]. Given that the immune response to sepsis is complex 
and diffi cult to evaluate with single analytes, high through-
put technologies, such as multiplex PCR or arrays, have 
substantive utility as diagnostic tests determining the sta-
tus of the patient’s immune system. Sutherland et al. [164] 
validated the relative expression of 42 genes that represent 
innate and adaptive immune function, cell cycling, white 
blood cells, differentiation, extracellular remodeling, and 
immune modulation pathways for the diagnosis of sepsis. 
More recently, a reverse transcription PCR low-density ar-
ray using host genes exclusively showed promise in the 
detection of subjects with experimentally induced infl u-
enza infection and had sensitivities and specifi cities of 
89% and 94%, respectively, in a cohort of patients with 
infl uenza in an emergency department. Thus, an algorithm 
combining clinical features together with measurements of 
fi ve metabolites could predict patient outcome and may be 
useful to guide the treatment of individual patients with 
sepsis [162].

Biological advances have been paralleled by techni-
cal advances focusing on improvements to traditional 
blood culture and new technologies using whole blood. 
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To improve and speed up the time to positive blood cul-
ture, colorimetric sensor arrays were developed based on 
the detection of headspace volatile organic compounds 
from bacterial species with a preliminary accuracy of 95% 
(http://specifi ctechnologies.net/?page_id=8). This tech-
nology could allow a more rapid detection of bloodstream 
infections, and the pathogens involved before molecular or 
mass spectrometry assays are used on traditional positive 
blood cultures. T2 magnetic resonance in a portable device 
was applied directly to whole blood and rapidly detected 
fungal pathogens using PCR followed by hybridization on 
probe-decorated nanoparticles microclusters that induce 
changes in magnetic resonance signals [165].

A number of manufacturers (GenePOC, IQuum, 
Quidel among others) are developing point of care mo-
lecular solutions for a wide variety of bacterial and viral 
pathogens. The unmet medical need for a rapid tool to di-
agnose bloodstream infection is particularly apparent in 
the emergency room as well as in the setting of disasters. 
First-line responders must be equipped with easy-to-use 
devices to perform critical tests at the point of need, even 
in austere low resource environments. The importance and 
process of clinical needs assessments of a suitable point-
of-care solution has been discussed [166]; critical compo-
nents may include sampling device design, range of targets 
detected, performance characteristics, disposal of samples, 
and the ability to operate on battery power [167].

However, even the most promising new technological 
approach will not be resulting in marked improvements in 
patient management if not implemented as part of larger 
algorithms that must be based on the close interaction be-
tween the clinician and the laboratory including antibiotic 
stewardship [149]. In this regard, standardized algorithms 
for patient management, rigorous adherence to infection 
control and antibiotic stewardship programs [168], as well 
as other factors including lab IT, training for staff in labo-
ratories and wards/ERs are key components of successful 
programs. Thus, future research should focus on a holistic 
“ideal” approach to the diagnosis of sepsis.
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