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Jefferson Health

• Now >30 hospitals spanning 
Eastern PA and southern NJ.

• Primary teaching hospital is in 
Philadelphia PA.



The Importance 
of Blood Cultures

Verway et al., J Clin Micro 2022

• Bloodstream 
infections are 
associated w/ 
high mortality, 
~20% within 
30 days.

• How blood 
cultures are 
performed can 
change the 
mortality risk!
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Physician Ordering Decision

• Many clinicians reflexively order blood cultures for indications 
such as new fever or leukocytosis even though it has been shown 
that these, especially in isolation, are not significant predictors of 
positive cultures (Foong 2022; Lisenmeyer 2016). 

• Providers report a desire for more guidance; however, fear of 
missing bloodstream infections is a significant barrier to 
diagnostic stewardship of blood cultures (Fabre 2018).

• Excessive collection of blood cultures is associated with other 
collateral harms such as increased length of stay, health care 
costs, adverse effects of inappropriate antibiotics, and even 
anemia from extra blood draws (Fabre 2020a).



Physician Ordering Decision

• We implemented blood culture decision support in response 
to a blood culture bottle shortage in June 2024 - but we left it 
in place when the shortage abated.









Impact of Bcx Decision Support

• Overall, a sustained 
25-30% reduction in 
blood cultures 
ordered.

• Reduction was 
primarily from EDs, 
with a lesser 
contribution with 
reduced repeat 
collections.
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Impact of Bcx Decision Support

• Sentinel Bcx from the floors didn’t really change. ED sentinel 
collections were down 36%, total repeat cultures were down 32%.

• The % of Bcx that were positive was significantly higher with decision 
support, but the absolute # of positive Bcx was lower – cause for 
concern?

sentinel (n) sent. pos (n) sent.pos (%) repeat (n) rep. pos (n) rep.pos (%) 

12 weeks before ED 21223 1808 8.52% 1060 78 7.36%

non-ED 6116 314 5.13% 8511 719 8.45%

total 27618 2139 7.74% 9569 797 8.33%

12 weeks after ED 13515 1470 10.88% 559 68 12.16%

non-ED 6090 339 5.57% 5981 560 9.36%

total 19873 1820 9.16% 6530 628 9.62%

p value ED <0.0001 0.0013

before vs after non-ED 0.2884 0.0559

total <0.0001 0.0047



• There were reductions in 
the absolute # of Bcx
positive for Streptococcus
and Enterobacterales, but 
not for S. aureus.

• Repeat positives went down 
but this was expected 
because of proposed 
reduced frequency of Bcx.

• S. aureus staying the same 
is reassuring – but what of 
the rest?
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Fabre et al., Clin Inf Dis 2020





What are we missing?

• For our study, you could extrapolate a 
crude estimate of the % positivity of 
the cultures not performed:

• Also, the organisms for which we saw 
reductions, primarily Enterobacterales
and Streptococcus, are commonly 
associated with the clinical conditions 
highlighted as low risk: lower urinary 
tract infection, uncomplicated 
cellulitis, and community acquired 
pneumonia.

2139 – 1820

27618 - 19873
=  4.11%



Blood Cx Decision Support Summary

• There is good evidence available on which to base EMR/ordering 
decision support for blood cultures.

• Depending on the local practices for blood culture ordering, decision 
support may lead to a dramatic drop in blood cultures.

• Some potentially positive blood cultures will be missed, but these are 
presumably primarily associated with lower risk conditions.

• As a laboratory stewardship intervention, the cost savings with 
decision support could be very large (>250K/yr at our institution, just 
for the blood cx bottles).

• “In the midst of every crisis lies great opportunity” – Albert Einstein



Preanalytical Collection Factors

• Blood volume collected for culture has a big impact 
on the ability to detect organisms causing 
bloodstream infections.

• IDSA recommends 20 mL per adult collection (10 
mL aerobic, 10 mL anaerobic), for 2-4 collections.

• Blood culture contamination also has a negative 
impact on patient care and is costly in and outside of 
the lab.

• The CAP requires labs have a system in place to 
monitor blood culture volumes and contamination 
rates and report this information back to collecting 
units.





A single 10mL 

isolater was 

performed for 

the study, so we 

don’t know how 

many were 

below 0.1 

CFU/mL, at least 

not quantifiably





In the Patel et al. study the first 10 mL detected 61% of total

Approximately 39% below 0.1 CFU/mL



Extrapolated from Kellogg et al. JCM 1984, and Patel et al. JCM 2011.

This is only an approximation based on two studies, neither of which 

used typical collection protocols
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LOD was ~ 1 to 8 CFU/mL of blood, depending on the organism, sensitivity ~90% for on panel organisms
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Blood Cx Fill Volume

• Varied educational 
interventions led by lab

• 2017: majority of TJU CC 
locations avg <5mL/bottle

• 2025: no TJU CC locations 
avg <5mL/bottle



Blood Culture Bottle Volume 
Summary

• Standardize and optimize performance for 
blood culture fill volume, contamination 
prevention, and turn-around-time of positive 
results.

• Optimal performance will require not just 
availability of the latest technology, but 
availability of technologists to rapidly report 
Gram stains and organism identifications 
24/7.

• We will need to study where blood culture 
instruments and trained microbiology 
technologists need to be maintained 24/7, 
taking into consideration courier route 
frequency and prioritizing higher volume / 
higher acuity hubs.
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Blood Culture Contamination
• Blood culture contamination has a negative impact on patient care, and 

several studies have estimated the cost to hospitals for a blood culture 
contamination event at ~$5K.

• One way to prevent contaminated blood cultures is to prevent 
unnecessary blood cultures from being ordered!

• Disinfection of the skin prior to blood culture collection should involve 
two things you may feel you don’t get enough of: alcohol and time. 
Studies have not clearly shown a benefit of disinfectants that add 
chlorhexidine or iodine compared to alcohol alone – but you do need to 
give the alcohol, or alcohol-containing preparation, time to work.

• Diversion devices work for reducing blood culture contamination but 
cost a lot.

• It has been proposed that the target for % Bcx contaminated should be  
changed from <3% to <1%.

Doern et al., Clinical Microbiology Reviews 2019



What is a blood culture contaminant?



What is a blood culture contaminant?



What is a blood culture contaminant?



What is a blood culture contaminant?



TJUH definition of Bcx contamination

• Isolated from a single set of multiple sets within 72 hours - AND

• It is either coagulase negative Staphylococcus (excluding S. 
lugdunensis, S. schleiferi, S. pseudintermedius, S. delphini), or 
Cutibacterium acnes, or Bacillus species not anthracis, or most 
Coryneform Gram positive bacilli (excluding C. jeikeium, C. 
diphtheriae, Arcanobacterium haemolyticum, see detailed list 
below from CLSI M45 table 6), or Micrococcus spp. 

• Coryneform GPR from CLSI M45 table 6: Arthrobacter, 
Brevibacterium, Cellulomonas, Cellulosimicrobium, Dermabacter, 
Leifsonia, Microbacterium, Oerskovia, Rothia (except R. 
mucilaginosa), Trueperella, and Turicella.
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Data from a Pennsylvania hospital that implemented diversion devices in two of 

their EDs. They did not get reliably below 3% contamination. This data is using 

Steripath in 2021 – in 2024 they switched to Kurin but the contamination levels 

have remained the same, ~ 3%.



Summary of Bcx Contamination: 

• Bcx contamination has negative impact on patient care on 
hospital finances

• Bcx contamination definition is not standardized, and 
should be

• The lab is required to monitor Bcx contamination rates 
and report back to those responsible for collection

• Diversion devices or waste tubes can reduce Bcx
contamination



Types of blood cultures and 
incubation conditions 

• The blood cx market is dominated by BD 
and Biomerieux – user systems from most 
recent CAP Bcx survey:

• BacT/Alert/Biomerieux 649 labs

• Bactec BD 633 labs

• Trek ESP 16 labs

• Non-automated 21 labs

• “Other” 21 labs

Okay, I’m going to go on some tangents here related to 

incubation conditions and how that impacts Bcx sensitivity…











What is the sensitivity of culture for 
invasive candidiasis?





% detected in first X mL

20 mL 40 mL 60 mL

S. aureus 90% 95% 100%

Streptococcus spp. 80% 91% 100%

Enterococcus spp. 71% 89% 100%

E. coli 72% 93% 100%

K. pneumoniae 78% 91% 100%

P. aeruginosa 61% 90% 100%

C. albicans 62% 85% 100%

Adapted from Weinstein et al., Journal of Clinical Microbiology, 

2007

With less volume collected, the sensitivity of blood culture is 

especially impacted for non-facultative organisms. But is Candida

facultative or not?



C. albicans is a facultative organism

• C. albicans grows under anaerobic conditions in 
vivo (GI tract) and in vitro (anaerobic culture 
conditions)

• However, it has a much slower doubling time in 
anaerobic conditions than aerobic

• Estimates of aerobic growth doubling time range from 98 
to 120 minutes

• For anaerobic conditions estimates range from 248 to 
1200 minutes

• The ranges may seem only moderately different, but 
they are not…

Biswas et al., Current Microbiology 2005

Dumitru et al., Antimicrobial Agents and Chemotherapy 2004
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Candida blood cultures

• Potential reasons most Candida grow poorly in 
anaerobic blood culture bottles:

• Grow better with oxygen

• Negatively impacted by detergent in lytic anaerobic 
bottle

• Resins in aerobic bottle impact antifungal concentration 
or otherwise favor growth

• Fill volume is significantly better in aerobic bottles
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Is C. albicans a facultative organism?

• In the time scale of clinical microbiology cultures – C. albicans 
behaves essentially like a strict aerobe.



Candida blood cultures

• Should we make an orderable double aerobic blood 
culture?

• Should enhance the recovery of Candida species regardless of 
the reason they grow poorly in anaerobic bottles.

• Other important organisms are also functionally strictly aerobic, 
such as Pseudomonas, Acinetobacter, Stenotrophomonas, 
Burkholderia etc.

• Would need to be restricted to patients with a recently 
collected routine blood culture.



Summary of my random thoughts on 
culture conditions: 
• Many clinically important organisms grow poorly or not at 

all in either the aerobic or anaerobic Bcx bottles.
• This effectively reduces the volume of blood evaluated for 

growth of these organisms and reduces the sensitivity of Bcx

• It is feasible to make broth media that supports growth of 
both aerobes and anaerobes – maybe this is the future for 
mainstream Bcx systems

• Other things can be done to try to enhance growth of 
strict organisms: Do the Mayo study format collection (30 
mL, 2 aerobic bottles, 1 ana), or, not well studied, but 
maybe an aerobic only collection if prior anaerobic 
already performed?



Time to reporting of Gram stains 
and organism identification

• You can significantly reduce the associated 
mortality by reporting Gram stains and rapid 
organism identification promptly.

• But most blood cultures flag positive on 2nd 
or 3rd shift – is anyone available to act on 
them in the lab?



Blood Cx Speed Matters









Part of the incubation is transportation

• BD IFU says blood culture 
bottles “should be transported 
as quickly as possible to the 
laboratory.”

• Biomerieux says “Inoculated 
bottles should be transported to 
the laboratory for testing as  
quickly as possible, preferably 
within 2 hours per CLSI*.”

• * “Blood culture bottles/tubes 
should be sent to the laboratory 
within 2 hours; delays in 
entering blood culture bottles 
into the continuous-monitoring 
blood culture instruments 
(particularly if the bottles are 
incubated at 35 to 37C) may 
delay or impede detection of 
growth. Holding bottles at room 
temperature is not 
recommended for anything 
longer than a few hours.” M47



Part of the incubation 
is transportation

• “The request to positivity times was 
significantly lower for samples with 
transit time < 4 h (p < 0.001).”

• “A prolonged transit time was 
associated with a longer length-of-
stay in those with a bacteraemia
with a significant organism 
(p = 0.001).”



Summary Rapid ID and Speed of Bcx

• Patient MORTALITY benefit if performing rapid 
identification from positive Bcx

• Speed of Bcx overall matters, transportation, loading on 
instrument, technologists available to respond 24/7, Gram 
stain report etc…



What can you do with cumulative 
data?
• You could make a source specific antibiogram for isolates 

from blood cultures.

• May not be worth it – results usually aren’t that different 
from blood than all sources combined.



What can you do with cumulative 
data?
• Probably more meaningful to make a genotypic antibiogram if you 

use a molecular panel for positive blood cultures that includes 
common resistance markers.

• We make one specifically for CTX-M vs. no targets, our ASP group 
incorporates this data into their positive blood culture guidelines.





THANK YOU CLINICAL MICROBIOLOGY!
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