
should enable an earlier commencement 
of specific antibiotic treatment compared 
to using blood cultures. In addition, this 
approach may overcome the insufficien-
cies of initial empiric antibiotic therapies 
regarding multi-resistant bacteria, which 
are a rapidly increasing problem in ICUs. 
A number of different PCR-based assays 
are now being used increasingly to iden-
tify the causative organism in sepsis. One 
approach for rapid identification of the 
causative microorganism out of a range of 
potential pathogens is the so-called mul-
tiplex PCR assay (VYOO®; SIRS-Lab, Je-
na, Germany and LightCycler® SeptiFast; 
Roche, Mannheim, Germany). These 
 assays allow for parallel detection of spe-
cies- or genus-specific targets in differ-
ent microorganisms. Another approach is 
the broad-range identification of patho-
gens by amplifying parts of the rRNA and 
 other bacterial or fungal genes, followed 
by  sequence analysis of the species (Sep-
siTest®; Molzym, Bremen, Germany).

The vast majority of studies have inves-
tigated the LightCycler® SeptiFast assay. 
Furthermore, no study to date has directly 
compared the three different PCR assays. 
Therefore, the aim of this pilot study was 
to compare the three commercially avail-
able PCR tests with each other and with 
blood cultures.

Patients and methods

This prospective observational study was 
conducted between April and July 2009 in 
the Department of Intensive Care Medi-
cine at the University Medical Center, 
Hamburg-Eppendorf, Germany. Inclu-
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Introduction

Sepsis is associated with a high  mortality 
rate and remains a serious condition in 
intensive care medicine [1]. Estimates for 
the prevalence of sepsis (or severe sepsis) 
and septic shock in German intensive care 
units (ICU) are 12 and 11%, respectively. 
Transposing these figures to the German 
population would equate to 154,000 new 
cases of sepsis per year. Sepsis accounts 
for approximately 60,000 fatalities annu-
ally and is the third most common cause 
of death in Germany [2]. Timely com-
mencement of an appropriate  antibiotic 
treatment is directly related to survival 
rate [3, 4, 5, 6]. Rapid and reliable detec-
tion of the causative agent is therefore cru-
cial to optimizing treatment and improv-
ing survival rates. Blood cultures still re-
present the gold standard in microbiolog-
ical diagnostics, alongside other cultures 
from localized specimens like tracheal as-
pirates, urine and wound swabs. Unfor-
tunately, the currently available diagnos-
tic tests are unable to detect the causative 
organism or source of infection in a con-
siderable number of cases, despite a high 
clinical probability of infection [7]. Fur-
thermore, bacteremia can only be de-
tected in approximately 30% of patients 
with severe sepsis or septic shock [8]. A 
promising new approach to identify rele-
vant microorganisms and their resistance 
genes within 6–8 h of blood sampling are 
assays based on the polymerase chain re-
action (PCR). Following extraction and 
purification, nucleic acid (NA) can be rap-
idly amplified by PCR, and specific NAs 
subsequently identified. These assays 
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sion criteria for the 50 patients recruited 
were a minimum age of 18 years, as well 
as clinical symptoms and signs consistent 
with the diagnosis of sepsis according to 
the sepsis criteria of the German Sepsis 
Competence Network [8]. Approval from 
the local ethics board was obtained, as was 
informed consent from each of the pa-
tients or their legal representative.

Following diagnosis of sepsis, severe 
sepsis or septic shock, blood culture sam-
ples were taken as part of the routine di-
agnostic workup and one additional 5 ml 
 vial of blood was drawn for the PCR-
based analysis. The following three PCR 
assays were performed:
1.  SepsiTest®
2.  VYOO®
3.  LightCycler® SeptiFast

The two multiplex PCR assays—VYOO® 
and LightCycler® SeptiFast—are built to 
detect targets in a predefined panel repre-
senting the most important sepsis patho-
gens by either species- or  genus-specific 
fluorescent probes or electrophoret-
ic separation of target-specific NA. The 
third assay, SepsiTest®, uses eubacteri-
al and panfungal real-time PCR (rtPCR) 
to  detect bacterial and fungal pathogens 
by virtue of their 16S and 18S ribosomal 
RNA (rRNA). Following gene-based uni-
versal PCR, the amplification product is 
sequenced for species identification [9].

Sample processing and PCR analy-
sis was conducted by the Department 
of Clinical Microbiology, Virology and 

J. Schreiber and A. Nierhaus contributed equally 
to this work.
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 Hygiene at the University Medical Center. 
Modification of initial empiric antimicro-
bial therapy was based exclusively on the 
results of the blood cultures. Results of the 
multiplex PCR assays were not available to 
the attending intensivist.

Following recruitment, Simplified 
Acute Physiology Score II (SAPS II) [10], 
as well as C-reactive protein (CRP) and 
procalcitonin (PCT) values and leukocyte 
count were recorded. The following gen-
eral and clinical data were also obtained: 
age, gender, diagnosis, treatment histo-
ry, date of sampling, as well as the results 
of all microbiological tests, imaging and 
clini cal follow-up examinations.

Processing of blood cultures

Collection and processing of the blood 
cultures and the ethylenediamine-
tetraacetic acid (EDTA) treated blood 

samples was conducted according to the 
German Society of Hygiene and Micro-
biology (DGHM) standards for micro-
biological/infectiological quality (MIQ) 
in  diagnostics [11]. Immediately af-
ter sampling, the containers for blood 
cultures (Aerobe: BD BACTEC PLUS 
Aerobic/F, anaerobe: BD BACTEC PLUS 
Anaerobic/F; BD Diagnostics,  Germany) 
were transported to the Institute of Med-
ical Microbiology for cultivation at 37°C. 
Further processing was carried out 
 according to the institute’s quality stan-
dards and operating procedures. All aer-
obic and anaerobic blood culture samples 
were incubated for a total of 7 days in the 
Bactec® 9240 and 9120 analysis devices 
(BD Diagnostics, Germany), respectively. 
In the event of bacterial growth, subsam-
ples were taken to inoculate blood- and 
McConkey agar plates, as well as to pro-
duce a gram stain and determine antibi-
otic sensitivities. In the event of anaero-
bic growth, an additional sample was tak-
en to inoculate a Schaedler agar plate. In 
each instance of bacterial growth, all sub-
species were differentiated and antibiotic 
sensitivities determined. Following com-
pletion of analysis, positive cultures were 
deep frozen at −80°C.

In the event of a positive finding in the 
blood cultures, the microbiologist imme-
diately informed the responsible intensiv-
ist and a written report was generated and 
sent to the ICU. For the comparison with 
the results of the PCR-based assays, pro-
cessing and interpretation of the blood 
cultures was done in a blinded fashion.

Processing of PCR assays

The EDTA blood samples were stored at 
4–10°C and the NA was extracted with-
in 24 h, according to the manufacturers’ 
specifications. Processing, NA extraction 
and PCR were performed by the laborato-
ry technicians at the Institute of Medical 
Microbiology. All analytical steps of each 
of the assays were performed according 
to the manufacturers’ specifications. The 
 results were interpreted by the attending 
microbiologist.

Integration and 
interpretation of results

The integration of clinical and labora-
tory data, as well as microbiological and 
PCR-based assay results was performed 
by the study investigators. The results of 
each of the three PCR assays were com-
pared to the results of the blood cultures. 
Interpretation of the clinical relevance of 
each result was performed by an intensiv-
ist and a microbiologist from outside the 
study team. The final clinical diagnosis—
which served as the reference standard—
was made on the basis of all available clini-
cal information. This included the clinical 
course, physical examinations and intra-
operative findings, as well as all the results 
of laboratory, microbiological and patho-
logical tests and imaging. The blood cul-
ture and PCR results were then compared 
to the final clinical diagnosis and catego-
rized as true- or false-positive and true- or 
false-negative.

Results

The study included 50 critically ill 
 patients. Results from the three PCR 
 assays and blood cultures were available 
for all patients. At the point of inclusion 
in the study, all patients fulfilled the cri-
teria for sepsis and 27 patients (54%) 
were in septic shock, requiring significant 
 vasopressor support. The demograph-
ics and mortality rates of the study popu-
lation are illustrated in . Tab. 1. At the 
point of recruitment into the study, 36 of 
the 50 patients (72%) had received antibi-
otic treatment.

Blood cultures were positive in 13 pa-
tients (26%). Staphylococcus epidermid-
is was identified in 6 patients, Streptococ-
cus pneumoniae, Candida albicans, Staph-
ylococcus aureus, Enterococcus faecium, 
Enterobacter aerogenes, Citrobacter coseri 
and Peptostreptococcus species were each 
identified in one patient. Considering all 
clinical information, eight of the positive 
blood culture results were deemed rele-
vant. All positive microbiological and/or 
PCR results and their clinical interpreta-
tions are presented in . Tab. 2.

Two of the eight (25%) clinically rel-
evant pathogens found in blood cul-
tures could also be identified by all 

Tab. 1 Demographic data, severity of 
sepsis and mortality rates

Total number of patients 50

Age (years) 64 (51/70)a

Gender (female/male) 10/40

SAPS II 41 (33/49)a

Leukocyte count 13.6 (9.2/17.4)a

CRP 129 (58/224)a

PCT 2.6 (0.8/16.6)a

Antibiotic pre-treatment 36 (72)

Reason for ICU admission number of 
 patients

Surgical 20 (40)

– Abdominal 7

– Chest 6

– Trauma 7

Medical 24 (48)

– Pneumonia 15

– Pancreatitis/Cholangitis 2

– Bone marrow transplant 2

– Unknown focus 5

Neurological 6 (12)

Severity of sepsis

– Sepsis 10 (20)

– Severe sepsis 13 (26)

– Septic shock 27 (54)

ICU mortality 8 (16)

28-day mortality 12 (24)
SAPS II Simplified Acute Physiology Score, CRP 
C-reactive protein (reference value <5 mg/l), 
PCT Procalcitonin (reference value <0.2 ng/ml), 
aMedian (25th/75th percentile), (N) percentage of 
total patients.

312

Originalien

|  Medizinische Klinik - Intensivmedizin und Notfallmedizin 4 · 2013



three multiplex PCR assays (Strepto-
coccus  pneumoniae and Staphylococcus 
aureus). In one additional case, while 
 Staphylococcus epidermidis was identified 
in both the blood culture and the Sepsi-
Test®, coagulase-negative Staphylococcus 
was found by the LightCycler® SeptiFast 
and the  specific mecA resistance gene was 
identified in the VYOO® assay.

In five of the eight (62.5%) relevant 
positive blood cultures, no pathogen 
could be identified by any of the three 
PCR assays. The pathogens identified 
in these five blood cultures were Candi-
da albicans, Staphylococcus epidermidis, 
 Enterobacter aerogenes, Citrobacter koseri 
and Enterococcus faecium.

In one blood culture-negative patient, 
two assays—SepsiTest® and VYOO®—
identified Streptococcus agalactiae, where-
as the third assay, the LightCycler® Septi-
Fast, found Streptococcus species.

In 32 patients (64%), all methods—
blood cultures and PCR assays— showed 
concordant negative results. There was 
a trend towards a higher rate of positive 
results in the PCR-based assays with in-
creasing severity of sepsis (. Tab. 3) and 
a lower detection rate for patients with 
low PCT levels. The detection rate for all 
three PCR assays was lower than that of 
the blood cultures with respect to the total 
number of pathogens detected and those 
considered clinically relevant.

Results of the individual PCR assays

SepsiTest®
The SepsiTest® assay identified patho-
gens in six instances (12%). The follow-
ing organisms were each detected once 
(. Tab. 4): Staphylococcus epidermid-
is, Staphylococcus aureus, Streptococcus 
pneumoniae, Streptococcus agalactiae, 
Streptococcus constellatus, and Klebsiella 
pneumoniae. In three cases (Streptococ-
cus pneumoniae, Staphylococcus aureus, 
and Staphylococcus epidermidis), the PCR 
results were consistent with the findings 
of the blood cultures. In 2 patients, the 
pathogens identified by the PCR based as-
say (Streptococcus agalactiae and Strepto-
coccus constellatus) corresponded to neg-
ative blood cultures. Both findings were 
deemed clinically relevant, because the 
same pathogens had been isolated in oth-
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Abstract
Introduction. The high mortality rate asso-
ciated with sepsis necessitates a timely iden-
tification of the causative organism in order 
to optimize antimicrobial therapy. PCR assays 
are increasingly being used for this purpose. 
The aim of this study was to compare three 
commercially available PCR systems for the 
diagnosis of systemic infections.
Patients and methods. In a prospective ob-
servational study, a broad-range (SepsiTest; 
Molzym, Bremen, Germany) and two mul-
tiplex PCR assays (VYOO; SIRS-Lab, Jena, 
 Germany and LightCycler SeptiFast; Roche, 
Mannheim, Germany) were compared to 
blood cultures with respect to the clinical 
course of 50 critically ill patients with sepsis, 
severe sepsis or septic shock.
Results. Pathogens were detected by PCR 
in 12% (SepsiTest), 10% (VYOO) and 14% 
(LightCycler SeptiFast) of samples and in 
26% by blood culture. Negative results were 
obtained using all four methods in 32 sam-
ples (64%) and 3 (6%) samples were posi-
tive in all tests. Upon consideration of ad-
ditional diagnostic findings and the clinical 

course, eight (16%) of the positive blood cul-
ture results were deemed clinically relevant. 
All three PCR assays could also identify the 
causative organism (or a specific gene there-
of) in three of these eight positive blood cul-
tures, whereas for five of the eight, all three 
PCR assays were negative. In one patient 
with a negative blood culture, the SepsiTest, 
VYOO and LightCycler SeptiFast assays 
were positive for Streptococcus species. The 
PCR assays appeared to be less susceptible 
than blood cultures to false-positive results 
arising from contamination with coagulase-
negative staphylococcal organisms.
Conclusion. There was some variability be-
tween the three PCR assays tested and the 
corresponding blood cultures with regards 
to the type of pathogen detected. The three 
PCR assays appeared to be less susceptible to 
false-positive results than blood cultures.

Keywords
Septic shock · Pathogen · Intensive care unit 
(ICU) · False positive · Contamination

Vergleich dreier unterschiedlicher PCR-Testverfahren zum 
Erregernachweis bei kritisch kranken Patienten mit Sepsis

Zusammenfassung
Einleitung. Die hohe Letalität der Sepsis im-
pliziert die möglichst rasche Identifizierung 
des auslösenden Erregers zur antibiotisch-
en Therapieoptimierung. Hierzu werden 
zunehmend Verfahren verwendet, die auf 
der Polymerase-Kettenreaktion (PCR) basie-
ren. Ziel dieser Studie war der Vergleich von 
3 PCR-basierten Verfahren zur Erregerdetek-
tion bei systemischen Infektionen.
Methoden. In einer prospektiven Observa-
tionsstudie wurden an 50 kritisch  kranken 
 Patienten mit Sepsis, schwerer Sepsis oder 
septischem Schock ein Breitspektrum-PCR-
Verfahren (SepsiTest, Molzym, Bremen) 
sowie 2 Multiplex-PCR-Verfahren (VYOO, 
SIRS-Lab, Jena, und LightCycler SeptiFast, 
Roche, Mannheim) mit der Blutkultur hinsich-
tlich des klinischen Kontexts verglichen.
Ergebnisse. Erreger wurden in 12% 
(SepsiTest), 10% (VYOO), 14% (Light 
Cycler SeptiFast) sowie 26% der Fälle in der 
Blutkultur identifiziert. Insgesamt 32 Proben 
(64%) waren in allen 4 Verfahren negativ, 3 
(6%) in allen Verfahren positiv. Acht (16%) 
positive Blutkulturen wurden im klinischen 

Zusammenhang mittels zusätzlicher Befunde 
als klinisch relevant eingestuft. In 3 die ser 
8 Fälle konnte der Erreger – oder ein spezi-
fisches Gen – mittels aller 3 PCR-Verfahren 
nachgewiesen werden. Bei 5 der 8 relevanten 
positiven Blutkulturen waren alle 3 PCR-Ver-
fahren negativ. In einer negativen Blutkultur 
waren SepsiTest, VYOO und Light Cycler 
SeptiFast positiv für Streptokokken. Die PCR-
Verfahren scheinen im Vergleich zur Blutkul-
tur weniger anfällig für falsch-positive Be-
funde durch Kontamination mit Koagulase-
negativen Staphylokokken zu sein.
Schlussfolgerung. Hinsichtlich der identi-
fizierten Erreger gibt es einige Unterschie-
de zwischen den 3 untersuchten PCR-Ver-
fahren und der entsprechenden Blutkultur. 
Die 3 PCR-Verfahren erscheinen weniger an-
fällig für falsch-positive Befunde.

Schlüsselwörter
Septischer Schock · Pathogen ·  
Intensivstation · Falsch-positiv ·  
Kontamination
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er culture specimens and were likely to be 
the causative agent of sepsis. In one case 
there was a discrepancy between the find-
ings of the PCR assay and the blood cul-
ture: Staphylococcus epidermidis was iden-
tified in the blood culture and Klebsiella 
pneumoniae by the Sepsi Test®. As the pa-
tient’s clinical condition improved mark-
edly following initiation of a Klebsiella 
pneumonae targeted antibiotic treatment, 
the Klebsiella finding was considered rele-
vant. However, Staphylococcus epidermi-
dis was interpreted as contamination. In 

five of the eight clinically relevant posi-
tive blood cultures, the SepsiTest® assay 
was negative. In 35 patients (70%), both 
blood cultures and the SepsiTest® assay 
were negative.

VYOO®
The VYOO® assay identified pathogens in 
five cases (10%). The following orga nisms 
and resistance gene were each detected 
once (. Tab. 5): Escherichia coli, Staphy-
lococcus aureus, Streptococcus pneumoni-
ae, Streptococcus agalactiae and the  mecA 

resistance gene. In two cases, the PCR re-
sults were consistent with the findings of 
the blood cultures (Streptococcus pneu-
moniae and Staphylococcus aureus). In 
one additional patient, the staphylococcal 
resistance gene mecA was detected, con-
sistent with the growth of Staphylococcus 
epidermidis in blood culture. MecA can be 
found in all oxacillin (methicillin) resis-
tant Staphylococcus aureus (MRSA) and 
coagulase-negative Staphylococcus species 
[12]. In two cases, the pathogens identi-
fied by the VYOO® PCR assay (Streptococ-
cus agalactiae and Escherichia coli) corre-
sponded to negative blood cultures. How-
ever, both of these PCR findings were con-
sidered relevant because these pathogens 
were also found in other specimens. In 
five of the eight clinically relevant positive 
blood cultures, the VYOO® assay was neg-
ative. In 36 patients (72%) both blood cul-
tures and the VYOO® assay were negative.

LightCycler® SeptiFast
The LightCycler® SeptiFast assay iden-
tified eight pathogens in seven sam-
ples. The following organisms were de-
tected (. Tab. 6): Enterococcus faecium, 
Aspergillus fumigatus, coagulase-nega-
tive Staphylococci, Staphylococcus aure-
us, Streptococcus pneumoniae, streptococ-
cal species, Klebsiella pneumoniae/ oxytoca, 
and Enterobacter cloacae/aerogenes. In 
one sample, two pathogens were detect-
ed by means of PCR (Enterococcus faeci-
um and Aspergillus fumigatus), but on-
ly  Enterococcus faecium was considered 
clinically relevant, because it was also cul-
tivated from an earlier wound swab. The 
 Aspergillus fumigatus was not deemed 
relevant because there were no clinical or 
microbiological indications of an invasive 
aspergillosis either at this time or during 
the subsequent clinical course. In three 
cases the PCR results were consistent with 
the findings of the blood cultures: Strepto-
coccus pneumoniae, Staphylococcus aure-
us, and Staphylococcus epidermidis (blood 
culture)/coagulase-negative Staphylococ-
cus (Light Cycler® SeptiFast). In four cas-
es, the pathogens identified by the Light-
Cycler® SeptiFast assay corresponded to 
negative blood cultures. However, two of 
these four findings were deemed clini cally 
relevant. The PCR-based finding of Strep-
tococcal species was considered  relevant 

Tab. 2 Positive results of blood cultures and/or PCR-based assays and their clinical 
 assessment (Citrobacter koseri is not in the panel of VYOO® and LightCycler® SeptiFast)

Patient 
number

Blood 
 culture

SepsiTest® VYOO®  LightCycler® 
SeptiFast

Assessment of 
positive result

1 Negative Negative Negative E. faecium,    
A. fumigatus

Relevant (E. fae-
cium) not relevant 
(A. fumigatus)

2 C. albicans Negative Negative Negative Relevant

3 Peptostrepto-
coccus

Negative E. coli Negative Relevant (E. coli), 
not relevant  
(Peptostrept.)

5 S. epidermidis Negative Negative Negative Relevant

18 S. epidermidis Negative Negative Negative Contamination

19 S. epidermidis K. pneu-
moniae

Negative Negative Contamination 
(S.epidermidis), 
relevant 
(K.pneumoniae)

20 Negative Negative Negative K. pneumoni-
ae/oxytoca

Not relevant

22 S. epidermidis S. epidermidis MecA Coagulase-
negative 
Staphylococ-
cus

Relevant

24 Negative S. constellatus Negative Negative Relevant

25 S. pneu-
moniae

S. pneu-
moniae

S. pneu-
moniae

S. pneu-
moniae

Relevant

26 Negative Negative Negative E. cloacae/
aerogenes

Not relevant

32 S. epidermidis Negative Negative Negative Contamination

33 E. aerogenes Negative Negative Negative Relevant

38 S. aureus S. aureus S. aureus S. aureus Relevant

44 C. koseri Negative Negative Negative Relevant

46 E. faecium Negative Negative Negative Relevant

47 S. epidermidis Negative Negative Negative Contamination

48 Negative S. agalactiae S. agalactiae Streptococcus 
spp.

Relevant

Tab. 3 Number of pathogens identified in relation to severity of sepsis

Severity Blood culture
(n=13)

SepsiTest®
(n=6)

VYOO®
(n=5)

LightCycler® 
 SeptiFast
(n=7)

Septic shock (n=27) 7 5 4 6

Severe sepsis (n=13) 5 1 1 1

Sepsis (n=10) 1 0 0 0
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because in this patient, ß-hemolytic strep-
tococci had been cultivated from other 
specimens.

The positive result for  Enterobacter 
aerogenes/cloacae was not considered 
 relevant, since no clinical improvement 
was observed after treatment with an 
 Enterobacter-targeted antibiotic thera-
py. The positive PCR result for Klebsiel-
la pneumoniae/oxytoca was not consid-
ered relevant either, because the result 
was  obtained after 14 days of treatment 
with meropenem.

In five of the eight relevant positive 
blood cultures, the LightCycler® SeptiFast 
assay was negative. In 33 patients (66%), 
both blood cultures and the LightCycler® 
SeptiFast assay were negative.

In contrast to the other two PCR-based 
assays (SepsiTest® and VYOO®), the Light-
Cycler® SeptiFast assay does not differenti-
ate between either Enterobacter aerogenes 
and cloacae, or Klebsiella pneumoniae and 
oxytoca species. Furthermore, it does not 
distinguish between subtypes of coagu-
lase negative Staphylococci and also classi-

fies Streptococcus pyogenes, agalactiae, and 
mitis as Streptococcus species.

Discussion

The results of the three PCR assays per-
formed using samples from critically ill 
sepsis patients showed some variation in 
comparison to each other and in relation 
to the corresponding blood cultures. Al-
though the detection rate of all PCR-based 
assays was lower than that of the blood 
cultures, almost every third (30.8%) posi-
tive blood culture represented a false-pos-
itive finding. Up until now, no published 
study had compared three different PCR 
assays with each other and to the results 
blood cultures for critically ill patients.

Due to the high sepsis-related mortal-
ity rates, the necessity of infectious source 
control and a timely and adequate anti-in-
fective therapy, rapid identification of the 
causative pathogen and its susceptibility 
has a high priority. Cultivating organisms 
from blood cultures—still considered the 
gold standard for the detection of patho-
gens—is very time consuming. In a clini-
cal study by Wellinghausen et al. [13], the 
mean time taken to reach a positive result 
was 19.2 h (range 6.7–58.4). In other cases, 
up to 120 h have been required [14]. More-
over, blood cultures have a low detection 
rate, particularly when samples are taken 
from patients who already receiving em-
piric anti-infective treatment [15].

Most studies investigating PCR assays 
have examined the LightCycler® Septi-
Fast assay. In the majority of these pub-
lications, the PCR-based assay identified 
more pathogens than the correspond-
ing blood cultures [16, 17, 18, 19]. Lodes 
et al. [20]  recently published a study 
that also showed a higher detection rate 
of the Light Cycler® SeptiFast assay in 
104 ICU surgery patients (39.9% Light-
Cycler® Septi Fast vs. 20.3% blood culture). 
These results stand in contrast to the re-
sults of our study, where the blood cul-
tures showed a higher pathogen detection 
rate. Other recent research is in line with 
our results: studies investigating patients 
with suspected sepsis in the emergency 
 department [21], patients with malignan-
cies and sepsis [22], critically ill neutro-
penia patients [23] and etiological diag-

Tab. 4 Pathogens identified by blood culture and/or SepsiTest®

Pathogen Only blood culture 
positive

Only SepsiTest® 
 positive

Blood culture and 
SepsiTest® positive

Gram positive

Staphylococcus epi-
dermidis

6 0 1

Staphylococcus aureus 0 0 1

Streptococcus pneu-
moniae

0 0 1

Streptococcus aga-
lactiae

0 1 0

Streptococcus constel-
latus

0 1 0

Peptostreptococcus 1 0 0

Enterococcus faecium 1 0 0

Gram negative

Enterobacter aerogenes 1 0 0

Klebsiella pneumoniae 0 1 0

Citrobacter koseri 1 0 0

Fungus

Candida albicans 1 0 0

Tab. 5 Pathogens identified by blood culture and/or VYOO®

Pathogen/resistance 
gene

Only blood culture 
positive

Only VYOO® positive Blood culture and 
VYOO® positive

Gram positive

Staphylococcus epi-
dermidis

6 0 0

Staphylococcus aureus 0 0 1

Streptococcus pneu-
moniae

0 0 1

Streptococcus aga-
lactiae

0 1 0

Peptostreptococcus 1 0 0

Enterococcus faecium 1 0 0

MecA gene 0 1 0

Gram negative

Enterobacter aerogenes 1 0 0

Escherichia coli 0 1 0

Citrobacter koseri 1 0 0

Fungus

Candida albicans 1 0 0
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nosis of community-onset bloodstream 
 infections [24].

The other two PCR assays (Sepsi-
Test® and VYOO®) are less well studied 
in  respect to sepsis. In their multicenter 
study, Wellinghausen et al. [13] investigat-
ed the SepsiTest® assay using 342 samples 
from 187 patients with systemic inflam-
matory response syndrome (SIRS), sep-
sis or neutropenic fever. They document-
ed a higher rate of positive results as com-
pared to blood cultures. Bloos et al. stud-
ied the VYOO® assay in 24 patients with 
severe sepsis and 22 patients with SIRS. 
In sepsis patients, the VYOO® assay gave 
more positive results than the blood cul-
tures, whereas in SIRS patients, the blood 
cultures were positive in five cases but no 
pathogens were identified by the PCR 
assay [25]. However, in contrast to the 

VYOO® version used by Bloos et al., the 
newer version of the assay that we em-
ployed has been further developed as a 
commercially available test using auto-
mated protocol steps.

Among our patient group, the rate of 
positive blood cultures was 26%. This is 
comparable to the results of some  earlier 
studies [26, 27]. In studies performed in 
emergency departments, the rates of posi-
tivity were generally higher. In a  recent 
study, Hettwer et al. [28] documented 
positive cultures in 43.5% of patients ad-
mitted to a multidisciplinary emergency 
department with suspected severe infec-
tion. The main reason for lower positivity 
rates of blood cultures in ICU patients is 
the fact that these patients are more often 
already on antibiotic treatment at the time 
of sampling. In accordance with this, 72% 

of the patients in our study group were 
 receiving antibiotic treatment at the time 
of sampling.

In most studies comparing PCR-based 
assays with blood cultures, more patho-
gens were detected by the PCR techniques. 
However, a positive PCR result–particu-
larly in the absence of blood culture con-
firmation–should always be  assessed criti-
cally within the individual clinical and mi-
crobiological context. Posi tivity in a PCR-
based assay may well  reflect a real infec-
tion, but could also result of external con-
tamination, the presence of the NA of 
non-viable microorganisms, or even be 
obtained from freely circulating phago-
cytised microbial DNA from microor-
ganisms already destroyed [29]. The last 
three scenarios would result in an unnec-
essary use of antibiotics.

Beyond the diagnostic properties, 
there is some preliminary evidence that 
the presence of microbial DNA in the 
blood of sepsis patients (in the absence 
of a positive blood culture) may also have 
a prognostic value. In their prospective 
study, Bloos et al. [17] evaluated 142 pa-
tients with severe sepsis. Patients with a 
positive PCR assay result had higher or-
gan dysfunction scores and a trend toward 
higher mortality compared to patients 
with a negative result (39.1% vs. 25.3%, 
p=0.115). Further studies are necessary to 
evaluate the potential prognostic value of 
detecting microbial NA using PCR-based 
assays in sepsis patients.

Diagnostic studies addressing the 
 validity and reliability of PCR-based as-
says for identification of the causative mi-
croorganism in sepsis patients are gener-
ally faced with the problem of choosing an 
appropriate reference standard. Blood cul-
tures are often considered the gold stan-
dard, but these have limited validity them-
selves [29]. In our study, we sought to 
overcome these problems by distinguish-
ing between false- and true-positive PCR 
assay results by using all available clinical 
information, including the results of ad-
ditional microbiological tests and imag-
ing, as well as the clinical course of the 
patient (. Tab. 7). Using this approach, 
the results of the PCR-based assays were 
deemed to be true-positive in five cases 
without a corresponding positive blood 
culture. One of these cases showed the 

Tab. 6 Pathogens identified by blood culture and/or LightCycler® SeptiFast

Pathogen Only blood cultures 
positive

Only LightCycler® 
SeptiFast positive

Blood culture and 
LightCycler® Septi-
Fast positive

Gram positive

Staphylococcus epi-
dermidis/coagulase- 
negative Staphylococci

5 0 1

Staphylococcus aureus 0 0 1

Streptococcus pneu-
moniae

0 0 1

Streptococcus species 0 1 0

Peptostreptococcus 1 0 0

Enterococcus faecium 1 1 0

Gram negative

Enterobacter aero-
genes/cloacae

1 1 0

Klebsiella pneumoniae/
oxytoca

0 1 0

Citrobacter koseri 1 0 0

Fungus

Candida albicans 1 0 0

Aspergillus fumigatus 0 1 0

Tab. 7 True-/false-positive and true-/false-negative results (blood culture, SepsiTest®, 
VYOO®, LightCycler® SeptiFast)

  Blood cultures SepsiTest® VYOO® LightCycler® 
SeptiFast

Positive results 13 6 5 7a

True-positive 8 6 5 5a

False-positive 5 0 0 3a

Negative results 37 44 45 43

True-negative 32 37 37 35

False-negativeb 5 7 8 8
aIn one case, LightCycler® SeptiFast detected two pathogens in one assay (one true- and one false-positive).bor 
detection of a non-relevant pathogen.
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same microbiological species (Streptococ-
cus agalactiae/species) in all three assays. 
There was no instance of conflicting re-
sults between the three PCR-based assays.

Not all pathogens cultivated in blood 
cultures were also detected by PCR de-
spite being included in the panel of the 
PCR assays (except in the case of Citrobac-
ter species, which are not included in the 
panels of VYOO® and LightCycler® Septi-
Fast). In 8% of all the patients in our study, 
coagulase-negative Staphylococcus species 
were identified in blood cultures but con-
sidered to be contamination. In contrast, 
none of the three PCR assays identified 
coagulase-negative  staphylococci as a re-
sult of contamination. This higher con-
tamination rate of blood cultures com-
pared to the PCR assays is in line with 
other studies [28, 30]. The phenomenon 
of higher rates of false positives in blood 
cultures is explained by the higher levels 
of bacterial DNA or frequent contami-
nants such as coagulase-negative staphy-
lococci that are required for detection in 
PCR assays [9, 31].

Similar to the findings with bacterial 
causes of septic shock, it has been shown 
that delayed antimycotic treatment sig-
nificantly increases mortality rates in pa-
tients with fungal infections [32, 33, 34]. 
The advantage of the short turnaround 
times involved in PCR assays thus be-
comes even more relevant in fungal infec-
tions, since the time taken to reach posi-
tivity in candidemia blood cultures is usu-
ally much longer than with bacteremia 
[35]. However, for one patient in our study 
with culture proven candidemia, all three 
PCR assays were negative. In another case, 
the LightCycler® SeptiFast assay was posi-
tive for  Aspergillus fumigatus, but none of 
the other microbiological diagnostic tests 
or the clinical course suggested an inva-
sive  Aspergillus infection.

Other studies on the LightCycler® 
Septi Fast assay have documented more 
samples testing positive for Candida DNA 
than Candida positive blood cultures. In 
their prospective multicenter study, Westh 
et al. [36] observed more positive PCR-
based results for Candida albicans in sep-
sis patients than in the corresponding 
blood cultures. Bloos et al. [17] published 
similar findings in their group of critically 

ill postoperative patients with severe sep-
sis or septic shock.

In our study focused on critically ill 
sepsis patients, there was some variability 
between the three PCR assays and the cor-
responding blood cultures with regards to 
the type of pathogen detected. Interpreta-
tion of the diagnostic validity and of the 
differences between the assays is limited 
by the small sample size.

The major logistic advantage of PCR-
based techniques over blood cultures is 
the much faster turnaround time of these 
assays—6–8 h as compared to 1–3 days. 
However, these assays require specifi-
cally trained personnel, ideally available 
24 hours a day. So even where a multiplex 
PCR assay is available, most hospitals on-
ly perform the assay during the day. Only 
very few studies have addressed the ques-
tion of whether obtaining a faster result 
by means of multiplex PCR translates in-
to relevant changes in clinical manage-
ment and outcome. In one study, antibi-
otic therapy was modified according to 
the results of the LightCycler® SeptiFast 
assay, but this did not alter mortality rates 
[20]. Lehmann et al. [37] applied a mathe-
matical model to the original data of a 
study on the LightCycler® SeptiFast assay 
and calculated a 2.6% absolute reduction 
in mortality rate for a scenario of antibi-
otic treatment modification based on the 
PCR-based pathogen findings.

Nevertheless, it is expected that  despite 
the current high demands on financial 
and personnel resources, PCR-based as-
says will be increasingly applied in the 
routine diagnostic workup of sepsis pa-
tients. However, it has to be noted that 
complete identification of the  antibiotic 
resistance spectrum can currently on-
ly be achieved by blood culture. This be-
comes increasingly important in the con-
text of the emerging multi-resistant bacte-
ria. Moreover, despite PCR assays cover-
ing a broad range of sepsis-relevant patho-
gens, they currently do not cover them all. 
In our analysis, the rate of positive results 
observed in PCR systems increased with 
higher severity scores (. Tab. 3.) and ele-
vated PCT levels.

In accordance with the existing litera-
ture, our results confirm that PCR assays 
may positively supplement blood culture 
results as part of the diagnostic work-

up of septic patients, but they should not 
 replace blood culture at present. Combin-
ing blood culture and PCR assays could 
raise the detection rate of microorgan-
isms, as shown by our research and in oth-
er recent studies [13, 16, 20]. Future studies 
involving a larger number of patients are 
required to compare different PCR sys-
tems and to further evaluate their diag-
nostic and prognostic validity, as well as 
the effect the use of these assays has on 
clinical management and outcome. Two 
large multicenter studies are currently be-
ing carried out to further investigate the 
validity of different multiplex PCR assays 
[38, 39].
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