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Sepsis; Definition 
Version „X“ 
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„Et bliev nix wie et wor“ 



Sepsis is not a specific illness 
but rather a syndrome 
encompassing 
a still-uncertain pathobiology. 

K. Becker 

− Word count: 9506 
− Occurrence of the term: 
 „pathogen“ or similar: n = 3 (=0,03%) 
 „infection“: n = 65 (=0,68%) 

• BK-Diagnostik zu langsam für 
primäre Sepsis-Therapie 

• nur in max. 30-40% der 
Sepsisfälle Erregernachweis 



Epidemiologie 
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Estimated population prevalence of sepsis and severe 
sepsis in Germany (“pre-DRG era”) 

Engel et al., Intensive Care Med (2007) 33:606–618 K. Becker 

3,877 patients included 

(including 
septic shock) 

Number of newly diagnosed cases of 
 Sepsis: approx. 79,000/a = 116/100,000 inhabitants 
 Severe sepsis: 75,000 /a = 110/100,000 inhabitants 

approx. 154,000 cases of 
sepsis/a in Germany 

Prospective, observational, cross-sectional 1-day point-prevalence study in 2003 
(454 ICUs from a representative nationwide sample of 310 hospitals) 

SEPNET 



Hospital mortality of patients with severe sepsis in 
Germany 

K. Becker 

Engel et al., 
Intensive Care Med 
(2007) 33:606–618 

SEPNET 



Fallzahlen, Sterbefälle, Häufigkeits- und Sterblichkeitsraten der Sepsis in 
Deutschland, 2013 (lt. DRG-Statistik) 

Sepsis  
inkl. schwere 
Sepsis  u.  
septischer Schock 

Fleischmann et al., Deutsches  Ärzteblatt 2016 | Jg. 113 | Heft 10 

Fälle 279.530 115.421 (41,3%) 33.815 (12,1%) 
 

Todesfälle   67.849   50.349 (74,2%) 19.891 (29,3%) 
 

adjustierte Rate/         335         138         40 
100 000 Einwohner 
 

Krankenhaus-           24,3           43,6         58,8 
sterblichkeit (%) 

schwere 
Sepsis 
inkl. septischer 
Schock 
(R65.1!, R57.2) 
(% Sepsis, gesamt) 

septischer 
Schock 
(R57.2) 
 
(% Sepsis, gesamt) 
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Häufigkeitsrate pro 100 000 Einwohner standardisiert auf die Bevölkerungsstruktur 2010 
und Krankenhausletalität von Sepsis und schwerer Sepsis (inklusive septischem 
Schock) in Deutschland, 2007–2013 

nach Fleischmann et al., Deutsches  Ärzteblatt 2016 | Jg. 113 | Heft 10 K. Becker 

(lt. DRG-Statistik) 

2007-13: - 2,7% (- 0,45%/a)  

2007-13: - 5,9% (- 0,98%/a)  

2007-13: + 5,7%/a)  

1,21% 1,54%  Sepsisfälle/Krankenhausfälle  



Causative pathogens of BSIs 

K. Becker 

Opota et al., CMI 2015 

Top 20 
microbes 
identified from 
positive blood 
cultures during 
1 year. 
 
Data from our 
1000-bed 
tertiary-care 
university 
hospital 
(Lausanne, 
Switzerland) 
during the year 
2013 
(16 682 
identifications). 



Das Problem 
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110 Jahre Blutkulturdiagnostik 

 
 Studie mit >700 Blutkulturen 

(1906) 
 erste Richtlinie zur 

Blutkulturdiagnostik 

Dr. Emanuel Libman 
(1872-1946) 

Emanuel Libman 
(1872-1946) 

www.themitralvalve.org 
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Performing blood 
cultures during admission 
for patients with a 
suspected infection was 
correlated with: 
• Significant shorter 

stay in the hospital 
(16.85 days vs. 13.35 
days; P<0.001) 

• Less total costs per 
patient (€4,788); i.e. 
saving of €981,441/a 
for the University 
Hospital  
 

Patients had to be started with  broad spectrum antibiotics during  admission with a minimum 
of 3 days. 
Patients with (n=580) and without (n=205) blood cultures drawn at the day of admission. 

K. Becker 
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Zeit für 
Transport/ 
Lagerung 

13,3 h 

Diagnostikzeit 
(ab Eintreffen im Institut incl. 

Mitteilung) 
9,0 h  

5,3 h [bis 12.00]  
 

0 h 

5 h 

10 h 

15 h 

20 h 

Sepsis-„Schnell“diagnostik 
unter Routinebedingungen 
(Mo-Fr 7.30 – 18.00) 
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Median (IQR) laboratory transport time for 3 tertiary-care hospitals by time of sampling 

Distribution of 
transport time for 
individual blood 
culture samples 

Rönnberg et al., Diag. Microbiol. Infect. 
Dis. 76 (2013) 286–290 



K. Becker 

Rönnberg et al., Diag. Microbiol. Infect. 
Dis. 76 (2013) 286–290 

TTD (A) and TDT(B) of single bacterium in simulated blood culture 
bottle after three different pre-incubation periods. 
 

RT: room temperature 

Time difference between the 
time point at which the 
samples are placed in the 
blood culture system and 
the time point at which the 
blood culture bottle signals 
for positivity 

(TTD) 

(TDT) 

Time difference between the 
time point of sampling and 
the time point at which the 
blood culture 
bottle signals for positivity. 
(Transport time + TTD) 

• Unfortunately, 
the shorter TTD 
obtained with 
longer 
transport times 
did not 
compensate 
the time period 
outside the 
blood culture 
system 

• TDT invariably 
increased with 
longer 
transport time. 



Commercially available systems for the direct identification of microbes from positive BCs 

Opota et al., CMI 2015 K. Becker 



www.sas.upenn.edu 

Semiautomated 
blood culture 
instrument 
(≥1 – 7 days) 

www.atitesting.com 

www.biomerieux.pl 

W. Kaplan 

Conventional 
cultivation on solid 

agar medium 
(≥1 – 2 days) 

Biochemical 
procedures 

and 
susceptibility 

testing 
(≥1 – 2 days) 

www.vetbact.org 

www.bruker.jp 

www.vetbact.org 

K. Becker 

• 6.3 min for lysis-centrifugation 
• 32.2 min for extraction and 

pellet drying 
• 11.2 min for spotting 
• 3.4 min for MALDI-TOF MS 

measurement 

53.1 min 
(mean time) 

Idelevich et al., PLOS ONE 2014  

Applied method saved on average 23.5 h for yeast 
identification 



K. Becker 

• MALDI-TOF MS with Sepsityper (Bruker) processing 
• QuickFISH (AdvanDx)  
• Verigene Gram-Positive Blood Culture (BC-GP; Nanosphere) 

 



www.sas.upenn.edu 

Semiautomated 
blood culture 
instrument 
(≥1 – 7 days) 

www.atitesting.com 

www.biomerieux.pl 

W. Kaplan 

Conventional 
cultivation on solid 

agar medium 
(≥1 – 2 days) 

Biochemical 
procedures 

and 
susceptibility 

testing 
(≥1 – 2 days) 

www.vetbact.org 

www.bruker.jp 

www.vetbact.org 
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• 6.3 min for lysis-centrifugation 
• 32.2 min for extraction and 

pellet drying 
• 11.2 min for spotting 
• 3.4 min for MALDI-TOF MS 

measurement 

53.1 min 
(mean time) 

Idelevich et al., PLOS ONE 2014  

Applied method saved on average 23.5 h for yeast 
identification 

• zusätzliche Kosten 
• personalaufwendig 
• schwierig in die 

Laborroutine 
integrierbar 



www.bruker.jp 

Very early and reliable identification from positive BCs 
Without additional time and cost expenditure 

K. Becker 

2 hrs  

4 hrs  

6 hrs  

Cultivation times to successful identification: 
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Heizmann & Botzenhart, 
Lab.med. 9: 16-20 (1985) 

  qualitatives und quantitatives 
Blutkulturverfahren 
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10 ml of 
spiked blood 

Isolator 
tube 

Centrifugation 
(3000 g for 30 min) 

Hourly observation of 
growth for 

microcolonies  

MALDI-TOF MS 
(Microflex LT system; 

Bruker Daltonics) 

www.bruker.jp 

www.sas.upenn.edu 

Incubation at 
36°C in air with 

5% CO2 

Automated BC system 
(BACTEC™ 9240; BD Diagnostics) 

(neu) 
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Idelevich et al, ECCMID 2015 

Direkte Blutkultivierung von Hefen auf  Festmedium 
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Candida species identification rates by using direct 
MALDI-TOF MS method 

Positive monomicrobial BCs from 
15 patients including: 
• 13 aerobic 
• 5 anaerobic 
• 5 fungal 
• 1 paediatric bottle 
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Liesenfeld et al., Eur. J. Microbiol. Immunol. 

Commercially available molecular assays for the diagnosis of sepsis 
using whole blood as sample type 

(Molzym)  

(Roche)  

(Roche)  

(SIRS-Lab)  



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

acc. data from Alvarez et al., Anaesth. Intensive Care 40, 958–963 (2012) 

Liesenfeld et al., Eur. J. Microbiol. Immunol. 

K. Becker 



 PCR method accelerates change to the targeted antimicrobial therapy (AMT) in febrile 
neutropenic patients (P = 0.018) [Idelevich et al.] 

Median time to change to the targeted AMT: 

21.4 h 

47.5 h 

 Significant reduction in the time required for initial pathogen identification by PCR (15.9 
h),  compared with standard BC (38.1 h); (P<0.001) [Tafelski et al.]. 

K. Becker 
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„Wat wellste maache?“ 
• Definition der Sepsis „in progress“ 
• ungebrochene, Patientencharakteristika-bedingte Bedeutung der Sepsis bzgl. 

Morbidität, Letalität und Gesundheitsökonomie 
• therapeutische Limitierungen durch (multi-) resistente Erreger 
• BK-Diagnostik ist essentiell trotz bestehender Limitationen! 
• nur teilweiser Fortschritt bei der Erfüllung der klinischen Anforderungen an 

die mikrobiologische Diagnostik (sensitiv, spezifisch und schnell!!!) 

− inakzeptable Transport- und Lagerungszeiten (Station, Labor) 
− nur partielle Vorteile durch DNA-basiertem Direktnachweis – bisher kein 

Durchbruch in der Sepsis-Routinediagnostik 
− zu lange Kultivierungszeiten 
− erfolgreiche Beschleunigung der Zeiten für Identifizierung und 

Empfindlichkeitstestung durch 
 MALDI TOF MS 
 Einsatz von Mikrokolonien nur kurzzeitig bebrüteter Festnährmedien 
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„Wat wellste maache?“ 

Beschleunigung 
der mikrobiologischen 
Sepsisdiagnostik 

sollste 
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