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Pathogen Detection

The specifi c detection of sepsis-causative organisms from 
whole blood still suffers from unsatisfactory clinical utility. 
Currently, blood culture is the gold standard method for 
pathogen detection in patients suspected of systemic 

infections. This technique is known to have some drawbacks, 
especially with regard to antibiotic pre-treatment prior to 
sample withdrawal, low pathogen abundance, and the 
occurrence of non-cultivable organisms. Additionally, it takes 
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Ordering information Sepsis is one of the most common 
causes of death in hospitalized patients 
worldwide. Inadequate antibiotic therapy 
is an independent determinant of patients’ 
mortality. Promptness of pathogen detection 
and the appliance of appropriate antibiotics 
are cornerstones of effective therapy. Thus, 
rapid diagnostic tests with both superior 
positive and negative predictive values over 
current techniques are sorely needed.

The focus of the study was to determine 
whether the multiplex PCR test VYOO® is 
suitable, fast, and sensitive enough to detect 
bacterial and fungal infections as well as 
resistances in a competitive manner with 
respect to the gold standard blood culture. The 
results show that VYOO® led to a signifi cant 
increase in sensitivity and specifi city in shorter 
time than the current standard.
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Further information

Find more documents about VYOO® and its application 
on www.sirs-lab.com or order further information 
by contacting products@sirs-lab.com.



3 to 5 days to obtain results from blood cultures, which is 
too late to initiate an effective therapy. 

Nucleic acid amplifi cation methods (e. g. PCR) allow 
faster target detection. Until now their sensitivities have 
not been competitive due to their small reaction volumes. 
VYOO® solves this problem with the combination of a 
culture-independent, pathogen-derived nucleic acids 

concentration and multiplex PCR-based species detection. 
The multiplex PCR delivers results of high therapeutic value 
within 8 hours. VYOO® simultaneously detects 34 bacterial 
and 6 fungal species that cause life-threatening infections 
as well as fi ve of the most frequent resistance markers. 
In order to ensure highest clinical validity, the selection of 
species specifi c primers

Sample collection

24 patients
7 female (Ø age 72.1 years)
17 male (Ø age 62.5 years)

22 patients
8 female (Ø age 65.9 years)
14 male (Ø age 62.9 years)

SIRS, severe sepsis, septic shock
+ indication of systemic infection

SIRS
No indication of systemic infection

Whole blood samples were taken from 24 patients showing SIRS, severe sepsis, and septic shock with an additional indication 
of a systemic infection. The control group consists of 22 SIRS patients without an indication of a systemic infection. As gold 
standard, blood cultures were applied using bottles (aerobic/anaerobic, BacT/Alert, Biomérieux, Marcy l‘Etoile, France) which 
were inoculated with 5 ml whole blood. Total DNA was estimated after extraction using a NanoDrop® device. 

Experimental procedures

Septics group Control group

The focus of the study was to determine whether VYOO®  is suitable, fast, and sensitive enough to detect bacterial and 
fungal infections and resistances in a competitive manner with respect to the gold standard blood culture. VYOO® multiplex 
PCR was used to identify the defi nite causative agents and to supply valuable information with respect to the initiation of an 
antimicrobial therapy.

Objective of the study

time 8 h 48 - 72 h

PD+

T+

Inf+

Blood culture

Targeted antibiotic therapy

TAT
PD+

T+

Inf+

Fig. 1: Survey of current pathogen detection methods PD =  specifi c pathogen detection

T =  targeted antibiotic therapy (TAT)

Inf =  information about infection
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The results of the study are to be summarized as follows:

•  The VYOO® protocol is effi cient and easily applicable to evaluate the causative agent of systemic infections 
in addition to blood cultures. 

•  The combination of pathogen DNA enrichment and multiplex PCR provides therapeutic relevant results 
within one working day.

•  Compared to the gold standard and other culture-based methods, VYOO® was in signifi cantly less time 
more sensitive and specifi c.

•   In this context, the increasing public health problem of  antibiotic resistances, attributed largely to their 
overuse, can be effectively adressed. 

Conclusions

Samples were provided by the Clinic of Internal Medicine, Department for Gastroenterology, Hepatology and 
Infectiology, and experiments were performed at the Institute of Medical Microbiology, Friedrich-Schiller-
University Jena, Germany.
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Fig. 5: Positive and negative results of blood culture and VYOO® within the subgroups of non-survivors (n=5) (a) and survivors (n=19) (b). 28-day mortality, septic group.
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The data obtained by VYOO® were compared to the 
gold standard blood cultures. In the septical infected 
group, 5 patients (out of 24) were tested blood culture 
positive with none of them belonging to the positive 
28-day mortality group (5 non-survivors). From 
14 VYOO® positive patients, four non-survivors 
(80%) were included (Fig. 3 & 5). The samples of the 
22 control patients were negative as expected. In 
contrast, 8 blood cultures (of 5 patients) from the control 
group were positive (Fig. 4). Concerning the clinical 
microbiological evaluation, it can be concluded that 
these are false positive results.
  
Reduced time-to-result
The positive results from the blood culture were not 
available before 72 hours. VYOO® delivered therapeutic 
relevant results within ~8 hours.

Figure 2 illustrates a selected case report. The male 
patient survived a septic shock caused by Klebsiella 
pneumoniae, and the pathogen was identifi ed by 
cultivation techniques (skin swab) for the fi rst time on 

the third day together with a β-lactamase resistance. 
Both of the blood cultures remained negative after 8 
days. VYOO® identified K. pneumoniae and the 

β-lactamase resistance on the day of sample withdrawal. 
Based on these results it has to be stated that the current 
gold standard method blood culture is not suffi cient to 
initiate a fast and effective therapy.

Results

Targets detected by VYOO®

Table 1: Species/genera of sepsis causative pathogens and resistances specifi ed by VYOO® multiplex PCR

Bacteria Fungi

Acinetobacter baumannii 2 Prevotella melanogenica 2# Aspergillus fumigatus 1

Bacillus cereus 2 Proteus mirabilis 1 Candida albicans 2§

Bacteroides fragilis 2 Pseudomonas aeruginosa 2 Candida glabrata 2§

Burkholderia cepacia 2 Serratia marcescens 2 Candida krusei 2

Clostridium perfringens 2 Staphylococcus aureus 1 Candida parapsilosis 2§

Enterobacter aerogenes 2 Staphylococcus epidermidis 2* Candida tropicalis 2§

Enterobacter cloacae 1 Staphylococcus haemolyticus 2* Fungi spp.2

Enterococcus faecalis 1 Staphylococcus hominis 2*

Enterococcus faecium 2 Staphylococcus saprophyticus 2* Resistances

Escherichia coli 1,2 Stenotrophomonas maltophila 1 vancomycin vanA 1

Haemophilus infl uenzae 1 Streptococcus agalactiae 1 vancomycin vanB 1

Klebsiella oxytoca 1 Streptococcus dysgalactiae 1 vancomycin vanC 1

Klebsiella pneumoniae 1 Streptococcus bovis 1 β-lactamase 1 blaSHV

Morganella morganii 1 Streptococcus mutans 2 methicillin 2 mecA

Neisseria meningitidis 2 Streptococcus pneumoniae 1

Prevotella buccae 2# Streptococcus pyogenes 1

Prevotella intermedia 2# Streptococcus sanguinis 1

1primer-pool I; 2primer-pool II; *tested species were detected by the Staphylococcus spp. primer (primer-pool II); #tested species were detected by the Prevotella spp. primer (primer-pool II); §tested 

species were detected by the Fungi spp. primer
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Fig. 4: False positive results of the control group. Samples (n=32) and patients (n=22).
Concerning the clinical microbiological evaluation, the BC positive controls can be 

considered as false positive results.
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Fig. 3: Positive results in the septic group. Samples (n=36) and patients (n=24).

Total DNA isolation from whole blood

Cell lysis step
100 µl lysozyme solution (1 mg/ml end concen-
tration) were added to the thawed whole blood 
sample and incubated for 1 h at 37°C after short 
vortexing. 5 ml of lysis buffer and 100 µl of pro-
tease solution were added, vortexed and incuba-
ted for 1 h at 50°C. The sample was vortexed for 
20 sec and applied onto the membrane of a 50 ml 
tube. 

Binding and wash steps
The tube was centrifuged for 2 min at 3,000 x g. The 
tube was changed, 5 ml buffer B added and the centri-
fugation step was repeated. 5 ml buffer B were added 
again and the centrifugation step was repeated. 

Elution step
The tube was changed, 2.5 ml buffer C were applied 
onto the membrane and incubated for 2 min at RT. The 
tube was centrifuged for 1 min at 3,000 x g, further 2.5 
ml buffer C were added onto the membrane and the 
tube was centrifuged again. The membrane insert was 
discarded and the eluate was transferred into a fresh 
15 ml tube. 

Precipitation step
4 ml isopropanol were added and the tube was then 
mixed carefully and centrifuged for 60 min at 3,000 x 
g. The supernatant was removed and the pellet was 
washed with 2 ml ice-cold 70% ethanol. The tube 
was centrifuged for 5 min at 3,000 x g and the pel-
let was dried at room temperature. The DNA was dis-
solved in 200 µl Aquadest (DNA- and DNase-free) at 
50°C for 1 h. 16 µl were taken for qPCR analysis prior 
to LOOXSTER®-based concentration of bacterial and 
fungal DNA. The remaining 184 µl were mixed in 184 
µl 2x buffer D.

Concentration of bacterial and fungal DNA 
with LOOXSTER®

Concentrated bacterial DNA was obtained using SIRS-
Lab’s LOOXSTER®  kit. The kit contains columns, coll-
ection tubes, and reagents to perform the concentrati-
on of bacterial and fungal DNA from mixed total DNA 
samples. The protocol can be summarized as follows: 

Binding step
The columns were conditioned as outlined in the 
LOOXSTER® protocol. The 368 µl of the dissolved 
DNA in buffer D were added to the prepared column. 
The matrix-DNA-mix was pipetted carefully up and 

down and incubated for 30 min at RT. The column was 
centrifuged for 30 sec at 1,000 x g (RT) and the fl ow-
through was discarded. 

Wash step
2 x 300 µl of buffer D were added to the column which 
was centrifuged twice for 30 sec at 1,000 x g (RT). 

Elution step
The column was transferred into a new 2 ml tube and 
300 µl of buffer E were added. The matrix-DNA mix was 
pipetted carefully up and down. The column was incu-
bated for 5 min (RT), and centrifuged for 30 sec at 1,000 
x g (RT). Again, 300 µl of buffer E were added to the 
column, followed by centrifugation for 30 sec at 1,000 x 
g (RT). The eluate volume was 600 µl. 

Precipitation step
The eluted DNA was precipitated by adding 5 µl soluti-
on G, 60 µl 3 M NaAc pH 5,2 and 480 µl isopropanol. 
After short vortexing for 10 sec, the sample was cen-
trifuged for 60 min at 16,000 x g at 4°C and the su-
pernatant was discarded. The pellet was washed with 
2 x 1 ml ethanol (70%, ice-cold), centrifuged 5 min at 
16,000 x g and the supernatant was discarded. The 
pellet was dried at RT and dissolved in 30 µl DNA- and 
DNase-free water at 50°C for 1 h. The DNA concentra-
tion was determined using a NanoDrop® device.

Pathogen detection with VYOO® multiplex PCR 

VYOO® multiplex PCR was used to identify the bacte-
rial and/or fungal pathogens as well as respective re-
sistances in whole blood with regard to an optimized 
therapeutic approach. Table 1 provides an overview on 
the bacterial and fungal species/genera as well as resis-
tances covered by VYOO®. 

The DNA-concentration was adjusted to an optimal con-
centration of ≤ 1000  ng/reaction. If the DNA content 
isolated was scarce, lower concentrations with LOOXS-
TER® treatment were applied. The 25 µl reaction volu-
mes consisted of a variable volume of template DNA, 
12.5 µl of 2 x multiplex PCR Master Mix (QIAGEN®), 2.5 
µl of 10 x VYOO® Primer Mix (2 pamol end concentrati-
on, applied in 2 pools), and DNA-/DNase-free water. An 
initial denaturation of DNA was carried out at 95°C for 
15 min for the activation of HotStarTaq® DNA polymera-
se (QIAGEN®), followed by 30 cycles of 94°C for 30 sec, 
59°C for 1.5 min, and 72°C for 45 sec. The program en-
ded with a terminal annealing step (72°C for 10 min). 
All steps were performed on a Mastercycler® Gradient 
S (Eppendorf AG, Hamburg, Germany). The samples 
were analyzed on 2% agarose gels.

Material and methods





The data obtained by VYOO® were compared to the 
gold standard blood cultures. In the septical infected 
group, 5 patients (out of 24) were tested blood culture 
positive with none of them belonging to the positive 
28-day mortality group (5 non-survivors). From 
14 VYOO® positive patients, four non-survivors 
(80%) were included (Fig. 3 & 5). The samples of the 
22 control patients were negative as expected. In 
contrast, 8 blood cultures (of 5 patients) from the control 
group were positive (Fig. 4). Concerning the clinical 
microbiological evaluation, it can be concluded that 
these are false positive results.
  
Reduced time-to-result
The positive results from the blood culture were not 
available before 72 hours. VYOO® delivered therapeutic 
relevant results within ~8 hours.

Figure 2 illustrates a selected case report. The male 
patient survived a septic shock caused by Klebsiella 
pneumoniae, and the pathogen was identifi ed by 
cultivation techniques (skin swab) for the fi rst time on 

the third day together with a β-lactamase resistance. 
Both of the blood cultures remained negative after 8 
days. VYOO® identified K. pneumoniae and the 

β-lactamase resistance on the day of sample withdrawal. 
Based on these results it has to be stated that the current 
gold standard method blood culture is not suffi cient to 
initiate a fast and effective therapy.
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Targets detected by VYOO®

Table 1: Species/genera of sepsis causative pathogens and resistances specifi ed by VYOO® multiplex PCR

Bacteria Fungi

Acinetobacter baumannii 2 Prevotella melanogenica 2# Aspergillus fumigatus 1

Bacillus cereus 2 Proteus mirabilis 1 Candida albicans 2§

Bacteroides fragilis 2 Pseudomonas aeruginosa 2 Candida glabrata 2§

Burkholderia cepacia 2 Serratia marcescens 2 Candida krusei 2

Clostridium perfringens 2 Staphylococcus aureus 1 Candida parapsilosis 2§

Enterobacter aerogenes 2 Staphylococcus epidermidis 2* Candida tropicalis 2§

Enterobacter cloacae 1 Staphylococcus haemolyticus 2* Fungi spp.2

Enterococcus faecalis 1 Staphylococcus hominis 2*

Enterococcus faecium 2 Staphylococcus saprophyticus 2* Resistances

Escherichia coli 1,2 Stenotrophomonas maltophila 1 vancomycin vanA 1

Haemophilus infl uenzae 1 Streptococcus agalactiae 1 vancomycin vanB 1

Klebsiella oxytoca 1 Streptococcus dysgalactiae 1 vancomycin vanC 1

Klebsiella pneumoniae 1 Streptococcus bovis 1 β-lactamase 1 blaSHV

Morganella morganii 1 Streptococcus mutans 2 methicillin 2 mecA

Neisseria meningitidis 2 Streptococcus pneumoniae 1

Prevotella buccae 2# Streptococcus pyogenes 1

Prevotella intermedia 2# Streptococcus sanguinis 1

1primer-pool I; 2primer-pool II; *tested species were detected by the Staphylococcus spp. primer (primer-pool II); #tested species were detected by the Prevotella spp. primer (primer-pool II); §tested 

species were detected by the Fungi spp. primer
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Fig. 4: False positive results of the control group. Samples (n=32) and patients (n=22).
Concerning the clinical microbiological evaluation, the BC positive controls can be 

considered as false positive results.
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Fig. 3: Positive results in the septic group. Samples (n=36) and patients (n=24).

Total DNA isolation from whole blood

Cell lysis step
100 µl lysozyme solution (1 mg/ml end concen-
tration) were added to the thawed whole blood 
sample and incubated for 1 h at 37°C after short 
vortexing. 5 ml of lysis buffer and 100 µl of pro-
tease solution were added, vortexed and incuba-
ted for 1 h at 50°C. The sample was vortexed for 
20 sec and applied onto the membrane of a 50 ml 
tube. 

Binding and wash steps
The tube was centrifuged for 2 min at 3,000 x g. The 
tube was changed, 5 ml buffer B added and the centri-
fugation step was repeated. 5 ml buffer B were added 
again and the centrifugation step was repeated. 

Elution step
The tube was changed, 2.5 ml buffer C were applied 
onto the membrane and incubated for 2 min at RT. The 
tube was centrifuged for 1 min at 3,000 x g, further 2.5 
ml buffer C were added onto the membrane and the 
tube was centrifuged again. The membrane insert was 
discarded and the eluate was transferred into a fresh 
15 ml tube. 

Precipitation step
4 ml isopropanol were added and the tube was then 
mixed carefully and centrifuged for 60 min at 3,000 x 
g. The supernatant was removed and the pellet was 
washed with 2 ml ice-cold 70% ethanol. The tube 
was centrifuged for 5 min at 3,000 x g and the pel-
let was dried at room temperature. The DNA was dis-
solved in 200 µl Aquadest (DNA- and DNase-free) at 
50°C for 1 h. 16 µl were taken for qPCR analysis prior 
to LOOXSTER®-based concentration of bacterial and 
fungal DNA. The remaining 184 µl were mixed in 184 
µl 2x buffer D.

Concentration of bacterial and fungal DNA 
with LOOXSTER®

Concentrated bacterial DNA was obtained using SIRS-
Lab’s LOOXSTER®  kit. The kit contains columns, coll-
ection tubes, and reagents to perform the concentrati-
on of bacterial and fungal DNA from mixed total DNA 
samples. The protocol can be summarized as follows: 

Binding step
The columns were conditioned as outlined in the 
LOOXSTER® protocol. The 368 µl of the dissolved 
DNA in buffer D were added to the prepared column. 
The matrix-DNA-mix was pipetted carefully up and 

down and incubated for 30 min at RT. The column was 
centrifuged for 30 sec at 1,000 x g (RT) and the fl ow-
through was discarded. 

Wash step
2 x 300 µl of buffer D were added to the column which 
was centrifuged twice for 30 sec at 1,000 x g (RT). 

Elution step
The column was transferred into a new 2 ml tube and 
300 µl of buffer E were added. The matrix-DNA mix was 
pipetted carefully up and down. The column was incu-
bated for 5 min (RT), and centrifuged for 30 sec at 1,000 
x g (RT). Again, 300 µl of buffer E were added to the 
column, followed by centrifugation for 30 sec at 1,000 x 
g (RT). The eluate volume was 600 µl. 

Precipitation step
The eluted DNA was precipitated by adding 5 µl soluti-
on G, 60 µl 3 M NaAc pH 5,2 and 480 µl isopropanol. 
After short vortexing for 10 sec, the sample was cen-
trifuged for 60 min at 16,000 x g at 4°C and the su-
pernatant was discarded. The pellet was washed with 
2 x 1 ml ethanol (70%, ice-cold), centrifuged 5 min at 
16,000 x g and the supernatant was discarded. The 
pellet was dried at RT and dissolved in 30 µl DNA- and 
DNase-free water at 50°C for 1 h. The DNA concentra-
tion was determined using a NanoDrop® device.

Pathogen detection with VYOO® multiplex PCR 

VYOO® multiplex PCR was used to identify the bacte-
rial and/or fungal pathogens as well as respective re-
sistances in whole blood with regard to an optimized 
therapeutic approach. Table 1 provides an overview on 
the bacterial and fungal species/genera as well as resis-
tances covered by VYOO®. 

The DNA-concentration was adjusted to an optimal con-
centration of ≤ 1000  ng/reaction. If the DNA content 
isolated was scarce, lower concentrations with LOOXS-
TER® treatment were applied. The 25 µl reaction volu-
mes consisted of a variable volume of template DNA, 
12.5 µl of 2 x multiplex PCR Master Mix (QIAGEN®), 2.5 
µl of 10 x VYOO® Primer Mix (2 pamol end concentrati-
on, applied in 2 pools), and DNA-/DNase-free water. An 
initial denaturation of DNA was carried out at 95°C for 
15 min for the activation of HotStarTaq® DNA polymera-
se (QIAGEN®), followed by 30 cycles of 94°C for 30 sec, 
59°C for 1.5 min, and 72°C for 45 sec. The program en-
ded with a terminal annealing step (72°C for 10 min). 
All steps were performed on a Mastercycler® Gradient 
S (Eppendorf AG, Hamburg, Germany). The samples 
were analyzed on 2% agarose gels.

Material and methods
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Whole blood samples were taken from 24 patients showing SIRS, severe sepsis, and septic shock with an additional indication 
of a systemic infection. The control group consists of 22 SIRS patients without an indication of a systemic infection. As gold 
standard, blood cultures were applied using bottles (aerobic/anaerobic, BacT/Alert, Biomérieux, Marcy l‘Etoile, France) which 
were inoculated with 5 ml whole blood. Total DNA was estimated after extraction using a NanoDrop® device. 
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The focus of the study was to determine whether VYOO®  is suitable, fast, and sensitive enough to detect bacterial and 
fungal infections and resistances in a competitive manner with respect to the gold standard blood culture. VYOO® multiplex 
PCR was used to identify the defi nite causative agents and to supply valuable information with respect to the initiation of an 
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The results of the study are to be summarized as follows:

•  The VYOO® protocol is effi cient and easily applicable to evaluate the causative agent of systemic infections 
in addition to blood cultures. 

•  The combination of pathogen DNA enrichment and multiplex PCR provides therapeutic relevant results 
within one working day.

•  Compared to the gold standard and other culture-based methods, VYOO® was in signifi cantly less time 
more sensitive and specifi c.

•   In this context, the increasing public health problem of  antibiotic resistances, attributed largely to their 
overuse, can be effectively adressed. 

Conclusions

Samples were provided by the Clinic of Internal Medicine, Department for Gastroenterology, Hepatology and 
Infectiology, and experiments were performed at the Institute of Medical Microbiology, Friedrich-Schiller-
University Jena, Germany.
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