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BSI
Primary = a condition where the infection is the bloodstream itself
• Infective endocarditis
• endarteritis, thrombophlebitis 
• catheter related BSI
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Secondary
• pneumonia
• pyelonephritis
• wound infections
• ...



The term sepsis
life-threatening organ dysfunction caused by a dysregulated host response to infection

Definition Sepsis-3, 2016

Sepsis, if not recognized and treated early, is the primary 
cause of death from infection



The term sepsis

SIRS due to infection
Definition Sepsis-1, 1992



The term sepsis

supplemented by a list of 
diagnostic criteria
including alteration of 
consciousness, oedema, 
positive fluid balance, 
hyperglycaemia, etc.

Definition Sepsis-2, 2003



The term sepsis

today's sepsis (sepsis-3) corresponds to severe sepsis (sepsis-1), 
i.e. distinguishes sepsis from uncomplicated BSI

life-threatening organ dysfunction caused by a dysregulated host response to infection

Clinical criteria: SOFA (sequential organ failure assessment)

no standardised diagnostic test 
for sepsis is available



Microbiological diagnostics
Blood culture

Molecular diagnostics
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What characteristics should the ideal dg. test have:

• cheap
• reliable
• rapid (ultra-rapid)
• unaffected by antibiotic treatment
• distinguishing the finding of a pathogen from 

contamination
• with information on appropriate ATB treatment

Blood culture:
yes
sensitivity 50% only
takes dozens of hours
certainly affected by this (x resins)

not straightforward

upon AST ... or ...
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43 targets



broad-range PCR (16S rRNA gene) 
+ Sanger sequencing

Molecular diagnostics

10 hours (intensive)



Use of 16S on various materials
Heart valves Joint aspirates Blood ICU

Samples total 75 230 476

Samples positive 55 135 186

Samples positive by both culture and 16S PCR 11 73 87

Samples positive by 16S PCR only 44 59 73

Samples positive by culture only 0 3 26

Added values of 16S PCR
(% from all samples)

56 % 19 % 7 %

False negativity of 16S PCR 
(% from all samples)

0 % 2 % 7 %



broad-range PCR (16S rRNA gene) 
+ Sanger sequencing

Molecular diagnostics

10 hours (intensive)

multiplex PCR and T2MR
3.5 hours



Escherichia coli

Staphylococcus aureus

Klebsiella pneumoniae

Acinetobacter baumannii

Pseudomonas aeruginosa

Enterococcus faecium

E (Ec)
S
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T2MR and „ESCAPE“

• a group of six virulent and resistant bacteria (in the T2MR list, E. coli replaces Enterobacter)
• health care-associated infections
• may escape conventional ATB therapy due to their MDR phenotype



• cheap
• reliable
• rapid (ultra-rapid)
• unaffected by antibiotic treatment
• distinguishing the finding of a pathogen from 

contamination
• with information on appropriate ATB treatment

Molecular diagnostics:
no
better than blood culture
perharps yes
yes
yes and no

no
blood draw sites

microbiological laboratory

What characteristics should the ideal dg. test have:



Back to blood culture



Blood culture
Gold standard of microbiological diagnostics of sepsis (BSI)

one blood culture ≠  one bottle
one blood culture =  a set of bottles taken at a given time, or all bottles taken as part of 

a septic episode diagnostics

To collect Traditional approach Novel approach

Which material blood
(with skin swap)

blood
---

When when the temperature rises on suspicion of BSI

How „paired blood cultures"
2x to 3x twin bottles

Single sampling
1x four to six bottles



Lee et al. Detection of bloodstream infections in adults: how 
many blood cultures are needed? 2007.

Taking just one single vial is useless

Desired blood volume: 40 to 60 mL 

Collection of a sufficient amount of blood
- essential to increase the sensitivity

only 1 to 10 bacterial cells in 1 mL of blood



Intermittent bacteraemia for less than 24 
hours is exceptional

Collection of a sufficient amount of blood
- essential to increase the sensitivity



contamination 3%

contamination 3%

contamination 3%

paired “blood cultures“ 3x 

80% of bottles
truly negative

10% truly positive

50% false positives 25% false positives

Single sample

87% of bottles
truly negative

10% truly positive

Single sample
- essential to increase the specificity

Common contaminants: coagulase negative 
staphylococci, Corynebacterium spp., Micrococcus spp., 
Bacillus spp., Cutibacterium acnes.



Jan to June 2017 Oct 2017 to Apr 2018

# blood culture (%) 1790 1751 

# 2 to 3 bottles 81.5 % 33.7 %

# 4 and more bottles 18.5 % 66.3 %

Single sample in Motol



p = 0,004



• Aerobic and anaerobic bottles in ratio 1 : 1; to fill aerobic bottles as the first in order
• Mycotic bottle can be added to the basic set

Practical aspects of blood culture collection

• Sufficient amount of blood, 40 to 60 ml = 4 to 6 bottles (10 mL each) 
Fill the bottles completely (orientation according to the scale on the side of the bottle)

• collection from the periphery
• start automatic blood incubation as early as possible



Management of sepsis (from microbiologcal perspective)

• broad-spectrum AB therapy timely (within one hour of occurrence): 
beta-lactam (carbapenem or piperacilin/tazobactam or cefepim)
+ aminoglycoside (amikacin or gentamicin) 
potentially + clindamycin (or linezolid) if toxin is produced

• blood cutlure
+ sometimes molecular diagnostics



Infective endocarditis
• predisposing factors: valve replacement, pacemaker, iv. addicts, rheumatic fever

• blood culture (repeatedly)
• echocardiography

Causing agens:
S. aureus, streptococci (viridans), enterococci, HACEK, non culturable (bartonella, coxiella), 
candida

HACEK: Haemophilus aphrophilus (today Aggregatibacter), Aggregatibacter 
actinomycetemcomitans, Cardiobacterium hominis, Eikenella corrodens, Kingella kingae


